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 ﺒﺴﻡ ﺍﷲ ﺍﻟﺭﺤﻤﻥ ﺍﻟﺭﺤﻴﻡ
 ﺍﻟﻜﺭﻴﻡ ﻭﻋﻠﻰ ﺍﻟﻪ ﺍﻟﺼﻼﺓ ﻭﺍﻟﺴﻼﻡ ﻋﻠﻰ ﺭﺴﻭل ﺍﷲ ﻭ , ﺍﻟﻠﻬﻡ ﻟﻙ ﺍﻟﺤﻤﺩ ﻜﻤﺎ ﻴﻨﺒﻐﻲ ﻟﺠﻼل ﻭﺠﻬﻙ ﻭﻋﻅﻴﻡ ﺴﻠﻁﺎﻨﻙ
 ، ﻭﺼﺤﺒﻪ ﻭﻤﻥ ﺴﺎﺭ ﻋﻠﻰ ﺩﺭﺒﻪ ﺍﻟﻰ ﻴﻭﻡ ﺍﻟﺩﻴﻥ
 ﻫﺩﺍﺀ ﺇ
 ، ﻓﻲ ﻋﻤﺭﻴﻬﻤﺎ ﺍﻁﺎل ﺍﷲ ... ﺍﻤﻲ ﻭ ﺍﺒﻲ , ﺭﺴﻭﻟﻪ ﻭ ﺍﻟﻰ ﺍﻋﺯ ﻤﺎ ﻓﻲ ﺍﻟﻜﻭﻥ ﻋﻠﻰ ﻗﻠﺒﻲ ﺒﻌﺩ ﺍﷲ
 ، ﺍﺨﺘﺎﻱ ﻭ ﺍﺨﻭﺍﻨﻲ ﺍﻟﻰ
 ، ﺍﺒﻨﺎﺌﻲ ﻭ ﺯﻭﺠﺘﻲ ﺍﻟﻰ
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JUHDWWKHPDJQLILFHQW,IWKHUHDUHDQ\IODZVDQGVKRUWFRPLQJVZLWKLQWKLVWKHQ
LWLVRQO\IURPPHIRU$OODKLVDERYHIURPDQ\EOHPLVK











PRUH ZLGHVSUHDG DQG DV LQ PDQ\ VLWXDWLRQV FRPPXQLFDWLRQ LQIUDVWUXFWXUH






FRQWLQXRXV FKDQJH LQ WRSRORJ\ OLPLWHG EDQGZLGWK DQG UHOLDQFH RQ EDWWHULHV
GHVLJQLQJDUHOLDEOHDQGVFDODEOHURXWLQJSURWRFROIRUPRELOHDGKRFQHWZRUNVLV
DFKDOOHQJLQJWDVN
0XOWLFDVW URXWLQJSURWRFROVKDYHEHHQGHYHORSHG IRU URXWLQJSDFNHWV LQ
PRELOH DG KRF QHWZRUNV ([LVWLQJ SURWRFROV VXIIHU IURP RYHUKHDGV DQG
VFDODELOLW\$V WKHQXPEHURIVHQGHUVJURXSVDQGPRELOLW\ VSHHG LQFUHDVHV
WKH URXWLQJ RYHUKHDG DQG WKH SDFNHW FROOLVLRQ LQFUHDVHV DQG WKHUHIRUH WKH
SDFNHWGHOLYHU\UDWLRGHFUHDVHV7KXVQRQHRIWKHH[LVWLQJSURSRVHGPXOWLFDVW
URXWLQJSURWRFROVSHUIRUPZHOOLQHYHU\VLWXDWLRQ
,Q WKLV VWXG\ D QRYHOPXOWLFDVW URXWLQJ SURWRFRO IRU DGKRF QHWZRUNV LV
SURSRVHG,W LVDQHIILFLHQWDQGVFDODEOHURXWLQJSURWRFRODQGQDPHG1HWZRUN
6HQGHU 0XOWLFDVW 5RXWLQJ 3URWRFRO 16053 16053 LV D UHDFWLYH PHVK
EDVHGPXOWLFDVW URXWLQJSURWRFRO$FHQWUDOQRGHFDOOHGPHVKVHQGHU 06 LV
VHOHFWHGSHULRGLFDOO\IURPDPRQJWKHJURXSVVHQGHUVWRFUHDWHRQHPHVKLQ










,Q PDQ\ VLWXDWLRQV D FRPPXQLFDWLRQ LQIUDVWUXFWXUH PLJKW QRW EH
DYDLODEOH WKHUHIRUH ZLUHOHVV QHWZRUNV VXFK DV 0RELOH $G +RF 1HWZRUNV
0$1(7VDUHEHFRPLQJLQFUHDVLQJO\LPSRUWDQW$0RELOH$G+RF1HWZRUNLVD
JURXSRI WZRRUPRUHZLUHOHVVKRVWV WKDWKDVQR IL[HG LQIUDVWUXFWXUHVXSSRUW
DQG HDFKZLUHOHVV QRGHFDQ IXQFWLRQ DV D URXWHU ,Q WKLV QHWZRUN KRVWV FDQ
PRYHUDQGRPO\WKHUHIRUHWKHQHWZRUNWRSRORJ\FKDQJHVLQXQSUHGLFWDEOHZD\
HJ HPHUJHQF\ GLVDVWHU FODVV URRPV FRQIHUHQFHV DQG EDWWOHILHOG HWF  ,Q
RUGHU WR DOORZ KRVWV WR FRPPXQLFDWH ZLWK HDFK RWKHU D URXWLQJ SURWRFRO LV
QHHGHG WR HVWDEOLVK URXWHV EHWZHHQ QRGHV 7KH URXWLQJ SURWRFRO GHWHUPLQHV
KRZDGDWDSDFNHW LV WUDQVPLWWHGRYHUPXOWLSOHKRSV IURPDVRXUFHQRGH WRD
GHVWLQDWLRQQRGH




WDVN IRUUHVHDUFKHUV >'KLOORQDQG1JR@0DQ\HIILFLHQWPXOWLFDVW URXWLQJ
SURWRFROV H[LVW IRU ZLUHG 1HWZRUNV EXW WKHVH SURWRFROV GR QRW WDNH LQWR
FRQVLGHUDWLRQ QRGH PRYHPHQW IUHTXHQW WRSRORJ\ FKDQJHV DQG UHOLDQFH RQ
EDWWHULHV)RUWKDWUHDVRQDGRSWLQJH[LVWLQJZLUHGPXOWLFDVWURXWLQJSURWRFROVWR
D 0$1(7 ZLOO QRW EULQJ HIILFLHQW PXOWLFDVW URXWLQJ SURWRFROV )XUWKHUPRUH
PXOWLFDVW URXWLQJ SURWRFROV IRU0$1(7 KDYH EHHQ SURSRVHG >6FKXPDFKHU HW
DO&RUGHLURHWDO@
2XW RI DOO DYDLODEOH SURWRFROV IRU PXOWLFDVW URXWLQJ LQ PRELOH DG KRF
QHWZRUNV WKH2Q'HPDQG0XOWLFDVW5RXWLQJ3URWRFRO 2'053RXWSHUIRUPV
RWKHU URXWLQJSURWRFROV >'KLOORQDQG1JR3XWKDQDDQG ,OOHQGXOD
9LVZDQDWKHWDO6REHLKHWDO*XLDQG0RKDSDWUD0RKDQ
HWDO6KDUPDHWDO/HHHWDO @2'053URXWLQJSURWRFRO
VKRZV JRRG SHUIRUPDQFH HYHQ LQ G\QDPLF VFHQDULRV 'XH WR WKH PHVK










QXPEHU RI PXOWLFDVW VRXUFH QRGHV LQFUHDVH %\ LQFUHDVLQJ WKH ORDG EXIIHU
RYHUIORZ JURZV DQG WKH GHOD\ DW HDFK OLQN DOVR LQFUHDVHV DQG WKXV SDFNHW
GHOLYHU\UDWLRGHFUHDVHV>'KLOORQDQG1JR3XWKDQDDQG,OOHQGXOD
*XL DQG 0RKDSDWUD  9LVZDQDWK HW DO  &RUGHLUR HW DO 





QRGHV LQ HDFK JURXS >6LQJK @ $QG WKHUH DUH VWLOO PDQ\ LVVXHV WKDW
GHVHUYHPRUHUHVHDUFKDQGDUHFRQVLGHUHGDVDQRSHQSUREOHPV>&RUGHLURHW
DO3HOWRWDORHWDO@7KHUHIRUHWKHGHVLJQRIDQHZURXWLQJSURWRFRO









 ,QYHVWLJDWLQJ H[LVWLQJ PHWKRGV IRU URXWLQJ SURWRFROV LQ PRELOH DG KRF
QHWZRUNV
 $GGUHVVLQJDQGGHWHUPLQLQJ WKHPDMRUSUREOHPVDQGGUDZEDFNVRI WKH
H[LVWLQJPXOWLFDVWURXWLQJSURWRFROVLQPRELOHDGKRFQHWZRUNV
 'HYHORSLQJ D QRYHO PXOWLFDVW URXWLQJ SURWRFRO IRU PRELOH DG KRF
QHWZRUNV
 ,PSOHPHQWLQJWKHGHYHORSHGPXOWLFDVWURXWLQJSURWRFRO




GHVLJQHGDQG WKHPDLQK\SRWKHVLVRI WKLVVWXG\ LV WKDW WKLVSURSRVHGURXWLQJ
SURWRFRO FDQ VKRZ EHWWHU SHUIRUPDQFH WKDQ 2Q 'HPDQG 0XOWLFDVW 5RXWLQJ
3URWRFRO E\ UHGXFLQJ WKH SDFNHW RYHUKHDG DQG FROOLVLRQV DQG LQFUHDVLQJ WKH
SDFNHWGHOLYHU\UDWLR
%DVHG RQ WKH PDLQ K\SRWKHVLV WKH IROORZLQJ VXE K\SRWKHVHV ZLOO EH
VWXGLHG 











WKDW LV ORFDWHG LQ WKH PRVW FURZGHG DUHD WKH QHWZRUN ORDG ZLOO EH
EDODQFHGDQGWKHSHUIRUPDQFHRIWKHSURSRVHGURXWLQJSURWRFROZLOOEH
LPSURYHG DQG WKXV WKH SURSRVHG URXWLQJ SURWRFRO ZLOO RXWSHUIRUP WKH
H[LVWLQJURXWLQJSURWRFRO
7KH2ULJLQDOLW\RIWKH:RUN
7KH IROORZLQJ SRLQWV GHVFULEH WKH RULJLQDO FRQWULEXWLRQ WR NQRZOHGJH WKDW LV
SURYLGHGE\WKLVVWXG\





SURWRFRO E\ GHFUHDVLQJ WKH RYHUKHDG DQG FROOLVLRQ DQG LQFUHDVLQJ WKH
SDFNHWGHOLYHU\UDWLR
 7KHRULJLQDOLW\DOVRFRPHVIURPWKHGHYHORSPHQWRIVLPXODWLRQWRROVIRU
PRELOH DG KRF QHWZRUNV ZKLFK ZHUH XVHG IRU FRPSDULQJ WKH QHZ
SURWRFROZLWKWKHH[LVWLQJRQH




&KDSWHU  *LYHV DQ LQWURGXFWLRQ WR ZLUHOHVV QHWZRUNV LQFOXGLQJ WKHLU

























,Q WKLV FKDSWHU D EULHI LQWURGXFWLRQ WR ZLUHOHVV QHWZRUNV DQG VRPH
JHQHUDOEDFNJURXQGLQIRUPDWLRQLVJLYHQLQFOXGLQJWKHPDMRUW\SHVRIZLUHOHVV
QHWZRUNV DFFRUGLQJ WR WKH QHWZRUN¶V WRSRORJLHV DQG WKH QRGHPRELOLW\ 7KHQ
WKHWKUHHW\SHVRIDGKRFQHWZRUNVDUHSUHVHQWHGDQGURXWLQJLQPRELOHDGKRF
QHWZRUNVLVGHILQHG7KHFKDOOHQJHVWKDWIDFHWKHGHVLJQRIDQHIILFLHQWURXWLQJ
SURWRFRO IRU 0$1(7 DUH GLVFXVVHG $ VXUYH\ RI FODVVLILFDWLRQV RI DG KRF










ZD\ WKDW WKH QHWZRUN QRGHV FRPPXQLFDWH $ IL[HG ZLUHG QHWZRUN UHOLHV RQ
FDEOHVHJFRRSHUFDEOHDQGRSWLF ILEUHWRWUDQVIHUGDWD2QWKHRWKHUKDQG
WKHFRPPXQLFDWLRQ EHWZHHQ WKHZLUHOHVV QHWZRUN QRGHVFDQEH HLWKHUZLUHG
DQGZLUHOHVVRUMXVWZLUHOHVVHJZLUHOHVVUDGLRZDYHV,QDW8QLYHUVLW\
RI +DZDLL WKH ILUVW FRPSXWHU FRPPXQLFDWLRQ QHWZRUN ZDV GHYHORSHG E\
FRQQHFWLQJVHYHQFRPSXWHUVRYHUIRXULVODQGVDQGWKHGHYHORSPHQWRIWKHILUVW
ZLUHOHVV QHWZRUN WKDW FRPELQHV WKH ILHOGV RI FRPSXWLQJ DQG FRPPXQLFDWLRQ
ZDV LQ WKH ODWH ¶V DQG WKH HDUO\ ¶V >0XUWK\ DQG 0DQRM @
:LUHOHVVQHWZRUNVHQDEOHXVHUV WRXVH WKHLUSRUWDEOHGHYLFHVRQWKHPRYH,I
EXLOGLQJVDUHVHSDUDWHGE\ULYHUVRUUDLOZD\WUDFNVLQVWDOOLQJDZLUHOHVVQHWZRUN







:LUHOHVV QHWZRUNV DUH DEOH WR FRYHU DUHDV YDU\LQJ LQ VL]H IURPVPDOO
DUHDVVXFKDVFODVV URRPVWR ODUJHUVL]HVVXFKDVFRXQWULHVDQGFRQWLQHQWV
:LUHOHVV QHWZRUNV FDQ EH FODVVLILHG LQWR IRXU GLIIHUHQW WRSRORJLHV >1XD\PL
&ROHPDQDQG:HVWFRWW0XUWK\DQG0DQRM@
:LUHOHVV:LGH$UHD1HWZRUN::$1
::$1XVXDOO\ XVHV FHOOXODU WHOHSKRQH WHFKQRORJLHV VXFK DV*HQHUDO
3DFNHW5DGLR6HUYLFH*356ZKLFKFDQHQDEOHPRELOHSKRQHV WRFRQQHFWD
ODSWRS WR WKH ,QWHUQHW DQG WKXV DOORZ XVHUV WR DFFHVV LQWHUQHW ZKLOH RQ WKH





0$&SURWRFRO2QHRI WKHWHFKQRORJLHVEDVHGRQ WKLVSURWRFRO LV:RUOGZLGH





$ :3$1 FRYHUV D VPDOO DUHD ZLWKLQ  PHWUHV UDQJH DQG DOORZV
FRPSXWHUV DQG RWKHU GHYLFHV VXFK DV SHUVRQDO GLJLWDO DVVLVWDQWV 3'$ DQG
WHOHSKRQHV WR FRPPXQLFDWH ZLWK HDFK RWKHU 7KH 0$& SURWRFRO XVHG IRU
:3$1 LV ,(((  ZKLFK LV WKH VWDQGDUG IRU WHFKQRORJLHV VXFK DV













:LUHOHVV QRGHV ZKLFK DUH SODFHG LQ IL[HG ORFDWLRQV DQG LQVWHDG RI
UHO\LQJRQEDWWHULHVWRUHFHLYHHOHFWULFDOSRZHUWKH\UHO\RQXWLOLW\PDLQV)L[HG
ZLUHOHVV QRGHV XVH ZLUHOHVV FKDQQHOV WR FRPPXQLFDWH ZLWK RQH DQRWKHU
)LJXUH  LOOXVWUDWHV IL[HG ZLUHOHVV QHWZRUN IRUPHG E\ EXLOGLQJV XVLQJ
WUDQVPLVVLRQWRZHUV>0XUWK\DQG0DQRM@
:LUHOHVV1HWZRUNVZLWK)L[HG$FFHVV3RLQWV




DQG:HVWFRWW @ $FFHVV SRLQWV DUH FRQQHFWHG WR WKH ZLUHG QHWZRUN E\
FDEOHVDQGXVH WKHLUDQWHQQDIRU WUDQVPLWWLQJDQGUHFHLYLQJ WKHGDWDRYHU WKH























$ 0RELOH DG KRF QHWZRUN 0$1(7 LV D FROOHFWLRQ RI QRGHV WKDW
H[FKDQJHGDWDRYHUZLUHOHVV SDWKV DQGHDFKQRGH LV SURYLGHGZLWKZLUHOHVV
QHWZRUNLQJFDSDELOLW\7KHQRGHVLQWKLVQHWZRUNDUHIUHHWRPRYHDWDQ\WLPH
WKHUHIRUHQHWZRUN WRSRORJ\ FKDQJHV LQ XQSUHGLFWDEOHZD\V HJ  HPHUJHQF\
GLVDVWHU HDUWK TXDNH ILUH IORRG FODVV URRPV FRQIHUHQFHV DQG EDWWOHILHOG
HWF'XHWRWKHODFNRIDIL[HGLQIUDVWUXFWXUHVXSSRUWLQ0$1(7VQRURXWHUV
RUV\VWHPDGPLQLVWUDWRUHDFKQRGHIXQFWLRQVDVDKRVWDQGDURXWHU$GKRF
QHWZRUNVDUH EHOLHYHG WREH WKH QH[W JHQHUDWLRQRIZLUHOHVVQHWZRUNV >/DLHW
DO@$QH[DPSOHRIPRELOHDGKRFQHWZRUN LVVKRZQ LQ)LJXUH7KH




KRF QHWZRUNV DQG WUDGLWLRQDO FHOOXODU QHWZRUNV ,Q WKLV W\SH GDWD FDQ EH
WUDQVPLWWHG IURPDVRXUFHQRGH WRDGHVWLQDWLRQQRGHXVLQJ WKHDGKRFPXOWL
KRS WHFKQLTXHRU WKHFHOOXODUQHWZRUN¶V LQIUDVWUXFWXUH >/LXHWDO@0XOWL





,Q RUGHU WR DOORZ KRVWV WR FRPPXQLFDWH ZLWK HDFK RWKHU D URXWLQJ




HIILFLHQW URXWLQJ SURWRFRO IRU0$1(7 IDFHVPDQ\ FKDOOHQJHV 6RPH RI WKHVH




%\ LQFUHDVLQJ QRGHPRELOLW\ WKH WRSRORJ\ FKDQJHV DQG WKXV SRVLWLRQV RI WKH
QRGHVZLOOFKDQJHDQGWKHQXPEHURIFRQWUROSDFNHWVQHHGHGWRGHWHUPLQHWKH
QHZSRVLWLRQVZLOOLQFUHDVH6LQFHWKHQRGHVLQWKLVW\SHRIQHWZRUNDUHIUHHWR








WKH WUDIILF WKH\ KDQGOH LQ WKH VDPH WUDQVPLVVLRQ UDQJH UHJLRQ WKH DYDLODEOH
EDQGZLGWK WKDW HDFK QRGH FDQ XVH ZLOO EHFRPH VPDOOHU 7KHUHIRUH URXWLQJ
















$QG WKXV SRZHU FRQVXPSWLRQ LQ DG KRF QHWZRUNV VKRXOG EH PDQDJHG




VXSSRUW LQDGKRFQHWZRUNVURXWHVDUH W\SLFDOO\PXOWLKRS7KHUHIRUHQRGHV LQ





0RELOH DG KRF URXWLQJ SURWRFROV FDQ EH FDWHJRUL]HG LQWR D QXPEHU RI





0RELOH DG KRF URXWLQJ SURWRFROV FDQ EH FODVVLILHG LQWR WKUHH W\SHV
DFFRUGLQJWRWKHZD\WKHLQIRUPDWLRQDERXWWKHURXWHDQGWRSRORJ\LVJDWKHUHG
,QIRUPDWLRQFDQEHREWDLQHG LQDGYDQFH SURDFWLYHRUZKHQHYHU LW LVQHHGHG
UHDFWLYHRUK\EULGPHWKRGZKLFKPDNHVXVHRIERWKW\SHV
3URDFWLYHURXWLQJSURWRFROVWDEOHGULYHQ




,Q HYHQW GULYHQ SURWRFROV QRGHV ZLOO H[FKDQJH LQIRUPDWLRQ DERXW WKH
WRSRORJ\RQO\ LI WKH\GLVFRYHUQHZFKDQJHV LQ LW7KLVQHZLQIRUPDWLRQZLOOEH
VHQWE\HDFKQRGHWRDOORWKHUQRGHVLQWKHQHWZRUNZKHQQRGHVUHFHLYHWKH
QHZLQIRUPDWLRQWKH\XSGDWHWKHLURZQWDEOHV5RXWLQJSURWRFROVKDYHGLIIHUHQW
VWUDWHJLHV IRU KRZ URXWLQJXSGDWH SDFNHWVDUH GHOLYHUHG'6'9 >3HUNLQV DQG













WKH IRXUWK ILHOG KDV WKH VHTXHQFH QXPEHU WKDW LV GHWHUPLQHG E\ WKH QRGH
:KHQHYHU D QRGH VHQGV D QHZ WDEOH LW LQFUHDVHV WKH VHTXHQFH QXPEHU
WKHUHIRUH WKH KLJKHU VHTXHQFH QXPEHU LV DQ LQGLFDWLRQ RI QHZ LQIRUPDWLRQ
8SRQGHWHFWLQJDQ\FKDQJHVLQWKHWRSRORJ\RUDIWHUDSUHGHWHUPLQHGSHULRGRI
WLPH WKLV WDEOHZLOO EH H[FKDQJHGEHWZHHQ WKHQHDU QHLJKERXUV )LJXUH 
LOOXVWUDWHVURXWHFUHDWLRQ LQ'6'9 ,Q)LJXUHDQRGHLV WKHVRXUFHDQG
QRGHLVWKHGHVWLQDWLRQ)LJXUHEVKRZVWKHVKRUWHVWSDWKWRQRGHLV
WKURXJKQRGHDQGWKHGLVWDQFHHTXDOVKRSV:KHQDQRGHUHFHLYHVDQHZ
WDEOH LWXSGDWHV WKHSDWK WRGHVWLQDWLRQ LIHLWKHUWKHQHZVHTXHQFHQXPEHU LV





EH WUDQVPLWWHG WR WKH QHLJKERXUV RU UHMHFWHG >-DLQ  /DQJ 
0RKDSDWUDDQG.ULVKQDPXUWK\0XUWK\DQG0DQRM@
'HVWLQDWLRQ6HTXHQFHG'LVWDQFH 9HFWRU URXWLQJ SURWRFRO¶V DGYDQWDJHV
DUHWKHDYRLGDQFHRIURXWLQJORRSVDQGWKHDYDLODELOLW\RIDQ\QHHGHGURXWH%XW
E\LQFUHDVLQJ WKHQXPEHURIQRGHVRU LQFUHDVLQJWKHPRELOLW\VSHHG LQ'6'9
WKH FRQWURO RYHUKHDG LQFUHDVHV DQG WKXV DG KRF QHWZRUN¶V SHUIRUPDQFH








,Q UHJXODU XSGDWHG SURWRFROV WRSRORJ\ LQIRUPDWLRQ LV XSGDWHG DQG
H[FKDQJHGUHJXODUO\DQGDOOWKHWLPHZKHWKHUWKHUHDUHFKDQJHVRUQRW LQWKH
WRSRORJ\ 67$5 >*DUFLD/XQD$FHYHV HW DO @ DQG 2/65 >&ODXVHQ DQG
-DFTXHW@URXWLQJSURWRFROVDUHH[DPSOHVRIWKLVW\SH
2SWLPL]HG/LQN6WDWH5RXWLQJ2/65
,W LVD SURDFWLYH OLQNVWDWH URXWLQJSURWRFRODQG WKHURXWH LQIRUPDWLRQ LQ
WKLV SURWRFRO LV XSGDWHG E\ H[FKDQJLQJ SHULRGLF PHVVDJHV EHWZHHQ
QHLJKERXUV 7KH PXOWLSRLQW UHOD\ 035 FRQFHSW LV XVHG LQ 2/65 WKH
PXOWLSRLQW UHOD\ IRU D QRGH LV D VXEVHW RI LWV QHLJKERXUV (DFK QRGH LQ WKH
QHWZRUNZKLFKFDQEHFDOOHGDVHOHFWRUFKRRVHVDJURXSRIQRGHVWKDWFRQVLVWV
RIDVXEVHWRILWVQHDUQHLJKERXUVWREHLWV035VHW










,Q RUGHU IRU WKH URXWH LQIRUPDWLRQ WR EH VKDUHG EHWZHHQ DOO QRGHV LQ WKH
QHWZRUNHYHU\QRGHSHULRGLFDOO\EURDGFDVWVDWRSRORJ\FRQWUROPHVVDJH7&
7KLVPHVVDJHFRPSULVHV WKH RULJLQDWRUDGGUHVVDQG LWV035 VHWQDPH$QG





&RPSDUHG WR RWKHU SURDFWLYH URXWLQJ SURWRFROV 2/65 UHGXFHV WKH
QXPEHURIFRQWUROSDFNHWVE\IRUZDUGLQJWKHPHVVDJHVRQO\WRDVXEVHWRIWKH
QRGH¶V QHLJKERXUV DQG WKXV WKH RYHUKHDG ZLOO EH UHGXFHG $ SHUIRUPDQFH
FRPSDULVRQLQ>&KULVWHQVHQDQG+DQVHQ@VKRZHGWKDW2/65DQG$2'9
URXWLQJ SURWRFROV SHUIRUP WKH VDPH LQ PDQ\ FDVHV EXW 2/65 RXWSHUIRUPV
$2'9 LQKLJKGHQVLW\ QHWZRUNVDQG LQVWDWLF WRSRORJ\ DQG LQ WKH RWKHUKDQG
$2'9 RXWSHUIRUPV2/65 LQ KLJKPRELOLW\ VLWXDWLRQV DQG LQPRVW FDVHV WKH
RYHUKHDGIRU$2'9ZDVKLJKHUWKDQWKDWRI2/65
,Q SURDFWLYH URXWLQJ SURWRFROV WKH LQIRUPDWLRQ DERXW WKH URXWHV WR DQ\
GHVWLQDWLRQ LV DOUHDG\ NQRZQ VLQFH URXWH LQIRUPDWLRQ LV VHDUFKHG IRU
FRQWLQXRXVO\DQGDWDOOWLPHVWKHUHIRUHWKHURXWHVWRDOOGHVWLQDWLRQVDUHUHDG\
WRXVH$QGWKXVSURDFWLYHURXWLQJSURWRFROVKDYHQRURXWHGLVFRYHU\GHOD\DQG
WKLV LVRQHRI LWVDGYDQWDJHV%XW WKHSULFHZLOOEH LQFUHDVLQJRYHUKHDGZKLFK
DIIHFWV EDQGZLGWK DQG WKURXJKSXW HVSHFLDOO\ ZKHQ WKH VL]H RI WKH QHWZRUN





,Q UHDFWLYHURXWLQJSURWRFROV URXWH LQIRUPDWLRQZLOOQRWEHFROOHFWHGDQG
PDLQWDLQHG LQ DGYDQFH DQG QRGHV GR QRW H[FKDQJH URXWH LQIRUPDWLRQ
SHULRGLFDOO\ ,QVWHDG WKH VWDWH LQIRUPDWLRQ LV DFTXLUHG RQO\ ZKHQ WKHUH LV D
QHHGIRULWRQGHPDQG:KHQDVHQGHUQRGHKDVGDWDWRVHQGLWXVXDOO\VWDUWV
DURXWHGLVFRYHU\SURFHGXUHZKLFKFRPSOHWHVE\ILQGLQJDURXWHIURPVRXUFHWR
GHVWLQDWLRQ 7KLV SURFHGXUHXVXDOO\ VWDUWV E\ EURDGFDVWLQJ DPHVVDJH WR WKH
VHQGHU¶V QHDU QHLJKERXUV DQG DV WKH VHQGHU QRGH UHFHLYHV WKH UHSO\
PHVVDJHVIURPWKHUHFHLYHUVWKHURXWHIURPWKHVRXUFHQRGHWRWKHGHVWLQDWLRQ
FDQ EH HVWDEOLVKHG 2QFH D URXWH LV REWDLQHG DQG FRQVWUXFWHG LW ZLOO EH
PDLQWDLQHG E\ D VSHFLDO SURFHVV XQWLO WKH URXWH LV QR ORQJHU QHHGHG RU WKH
URXWHEHFRPHVQRWYDOLGDQ\PRUHGXHWRQRGHPRYHPHQWV
%XW VLQFH WKH URXWH LQIRUPDWLRQ PXVW EH REWDLQHG EHIRUH VHQGLQJ WKH
GDWD D SDWK GLVFRYHU\ GHOD\ RFFXUV ZKHQHYHU D QHZ SDWK LV QHHGHG 7KH
DGYDQWDJHRIWKLVW\SHLVWKHUHGXFLQJRIWKHFRQWURORYHUKHDGE\QRWFROOHFWLQJ















:KHQ D URXWH WR D GHVWLQDWLRQ LV QRW DYDLODEOH WKH VRXUFH QRGH
EURDGFDVWVD5RXWH5HTXHVW3DFNHWWRLWVQHLJKERXUVDQGWKHQHLJKERXUVDOVR
EURDGFDVW LW WR WKHLUQHLJKERXUVXQWLO WKHPHVVDJHUHDFKHV WKHGHVWLQDWLRQDV
VKRZQLQ)LJXUHD7KHGHVWLQDWLRQQRGHUHSOLHVWRWKHVRXUFHQRGHZLWKD
5RXWH 5HSO\ 3DFNHW ZKLFK FRPSULVHV WKH DGGUHVVHV IURP VRXUFH WR WKH
GHVWLQDWLRQDVVKRZQLQ)LJXUHE7KHVRXUFHVWRUHVWKLVURXWHLQIRUPDWLRQ
LQLWVFDFKHWREHDEOHWRXVHLWEHIRUHLWLVH[SLUHGGXHWRQRGHPRYHPHQW














VRXUFHQRGHGHOHWHVDQ\ URXWH WKDWFRQWDLQV WKLVEURNHQ OLQN >-RKQVRQHWDO
0RKDSDWUD DQG .ULVKQDPXUWK\ 0XUWK\ DQG0DQRM  =KRX
-DLQ@
'65 LV D UHDFWLYH URXWLQJ SURWRFRO WKHUHIRUH URXWH LQIRUPDWLRQ LV
FROOHFWHG RQO\ ZKHQ QHHGHG DQG WKXV WKH RYHUKHDG RI SURDFWLYH URXWLQJ
SURWRFROVFDXVHGE\XSGDWLQJWKHURXWHLQIRUPDWLRQSHULRGLFDOO\LVHOLPLQDWHGLQ
'657KHGLVDGYDQWDJHRI'65LVWKDWWKHEURNHQOLQNVDUHQRWUHSDLUHGORFDOO\
DQG WKH XVH RI VWDOH URXWHV WKDW DUH VWRUHG LQ WKH FDFKH ZDVWHV WKH OLPLWHG
EDQGZLGWK LQDGKRFQHWZRUNVDQGKDVDEDG HIIHFWRQURXWHUHFRQVWUXFWLRQ
7KHUH LV QR HIIHFWLYH PHFKDQLVP LQ '65 WR VROYH WKH VWDOH URXWHV SUREOHP
6LQFH URXWH LQIRUPDWLRQ LV QRW DOUHDG\ NQRZQ WKHUH ZLOO EH D GHOD\ EHIRUH
FROOHFWLQJ WKH URXWH LQIRUPDWLRQ WR HVWDEOLVK WKH URXWH %\ LQFUHDVLQJPRELOLW\
WKH SHUIRUPDQFH RI '65 GHJUDGHV DQG E\ LQFUHDVLQJ WKH QHWZRUN VL]H WKH
FRQWUROSDFNHWVDOVRLQFUHDVHDQGWKXVRYHUKHDGLQFUHDVHV+HQFH'65KDVD
PDMRUVFDODELOLW\SUREOHPEHFDXVHRIWKHQDWXUHRIVRXUFHURXWLQJ
'65 ZDV FRPSDUHG LQ >/HH HW DO @ WR $%5 DQG '%) %RWK





QR EHDFRQPHVVDJHV DUH H[FKDQJHG+RZHYHU WKH GLVDGYDQWDJH LV WKDW WKH
EURNHQOLQN LVGLVFRYHUHGRQO\DIWHU WKHSDFNHWVDUHXQDEOH WRXVH WKHEURNHQ
URXWHDQGWKLVLQFUHDVHVWKHGHOD\
E1RQ6RXUFH5RXWLQJ0HWKRG
8QOLNH WKH VRXUFH URXWLQJ PHWKRG WKH DGGUHVVHV IURP VRXUFH WR
GHVWLQDWLRQ DUH QRW HQFDSVXODWHG LQWR WKH SDFNHW KHDGHU LQVWHDG DQ\





@ LV D UHDFWLYH URXWLQJ SURWRFRO WKHUHIRUH URXWHV DUH EXLOW RQ GHPDQG
:KHQHYHU D VRXUFH QRGH KDV D GDWD SDFNHW WR VHQG DQG WKH GHVWLQDWLRQ
DGGUHVVLVQRWDYDLODEOHD5RXWH5HTXHVW3DFNHWZLOOEHEURDGFDVWDFURVVWKH
QHWZRUN $Q\ LQWHUPHGLDWH QRGH ZKLFK UHFHLYHV WKH 5RXWH 5HTXHVW 3DFNHW
VWRUHVWKH5HYHUVH5RXWHWRWKHVHQGHUDQGIRUZDUGVWKHSDFNHW7KHVWRUHG
DGGUHVVZLOOEHXVHGLQIRUZDUGLQJWKHUHSO\ODWHU7KH5RXWH5HTXHVW3DFNHW











5HSO\ 3DFNHW WR WKH VHQGHU XVLQJ WKH 5HYHUVH 5RXWH DGGUHVVHV ZKLFK DUH
VWRUHG LQ WKH LQWHUPHGLDWH QRGH¶V FDFKHV$V WKH VRXUFH UHFHLYHV WKH5RXWH
5HSO\ 3DFNHW WKH URXWH EHFRPHV DYDLODEOH DQG WKH GDWD FDQ EH VHQW ,I WKH
5RXWH 5HTXHVW 3DFNHW ZDV UHFHLYHG E\ DQ LQWHUPHGLDWH QRGH ZKLFK KDV D
YDOLGURXWHWRWKHGHVWLQDWLRQD5RXWH5HSO\3DFNHWZLOOEHVHQWWRWKHVHQGHU
,I DQ LQWHUPHGLDWH QRGH GHWHFWV D EURNHQ OLQN WKH VRXUFH QRGH DQG WKH




7KH URXWLQJ ORRSV DUH SUHYHQWHG E\ XVLQJ WKH GHVWLQDWLRQVHTXHQFH QXPEHU
ZKLFKDOVRGHWHUPLQHVWKHQHZHVWURXWHWRWKHGHVWLQDWLRQ
















FDQ EH FRQVWUXFWHG DQ\ WLPH EXW WKLV ZDVWHV WKH QHWZRUN UHVRXUFHV DQG
LQFUHDVHV WKH RYHUKHDG VLQFH URXWH LQIRUPDWLRQ LV XSGDWHG DOO WKH WLPH
5HDFWLYH URXWLQJ SURWRFROV PD\ GHFUHDVH WKH RYHUKHDG DQG WKH XVHG











SURDFWLYH PHWKRG LV XVHG LQ WKH ORFDO DUHDZKHUHDV WKH UHDFWLYHPHWKRG LV
XVHG LQ WKHJOREDO DUHD ,Q WKH ]RQH URXWLQJSURWRFROHYHU\ QRGH KDV D ORFDO
]RQHZKLFK LVGHWHUPLQHG WR EH WKHQRGHVZLWKLQ D OLPLWHG GLVWDQFH LQ KRSV
DQG DOO QRGHV WKDW DUH ORFDWHG EH\RQG WKLV ORFDO ]RQHZLOO EH FRQVLGHUHGDV
ZLWKLQDJOREDO ]RQH(YHU\QRGHSHULRGLFDOO\PDLQWDLQVDQGH[FKDQJHVURXWH
LQIRUPDWLRQRQO\ZLWKLWVORFDO]RQHQRGHV)LJXUHVKRZVDURXWLQJ]RQHIRU
D VRXUFH QRGH WKH UDGLXV IRU WKH ORFDO ]RQH HTXDOV  DQG WKH FLUFOH LQ WKH
ILJXUHVHSDUDWHV WKH ORFDO ]RQH IURP WKHJOREDO ]RQH1RGHVZLWKLQ WKH]RQH
DQGFORVHVW WRWKH]RQHUDGLXVDUHFDOOHGSHULSKHUDOQRGHVERUGHUQRGHV,Q
WKHILJXUHQRGHVDQGDUHSHULSKHUDOQRGHV
:KHQ D VRXUFH QRGH KDV D GDWD SDFNHW WR VHQG WR D GHVWLQDWLRQ DV
VKRZQLQILJXUHWKHQRGHVHDUFKHVIRUWKHGHVWLQDWLRQZLWKLQLWVORFDO]RQH
,I WKH GHVWLQDWLRQ LV D PHPEHU RI LWV ORFDO ]RQH WKHQ WKH GDWD ZLOO EH VHQW
GLUHFWO\WRLW2WKHUZLVHDUHDFWLYHPHWKRGZLOOEHXVHGE\EURDGFDVWLQJDURXWH







VHQGHURWKHUZLVH WKH SHULSKHUDO QRGHVZLOO VHQG URXWH UHTXHVWPHVVDJHV WR










$Q\ QRGH WKDW IRUZDUGV WKH URXWH UHTXHVWPHVVDJH DSSHQGV LWV RZQ
DGGUHVV WR LW WKHVH DGGUHVVHV ZLOO EH XVHG ZKLOH VHQGLQJ WKH URXWH UHSO\
PHVVDJHEDFNWRWKHVHQGHU,IWKHVRXUFHQRGHUHFHLYHVPRUHWKDQRQHURXWH
UHSO\PHVVDJHHDFKRQHZLWKDGLIIHUHQWSDWKWKHURXWHZLWKWKHVKRUWHVWSDWK
ZLOOEHFKRVHQ ,IDQ LQWHUPHGLDWHQRGH LQ WKHSDWKEHWZHHQWKHVRXUFHQRGH
DQG WKH GHVWLQDWLRQ QRGH GLVFRYHUV D EURNHQ OLQN D ORFDO UHSDLU ZLOO EH
SHUIRUPHGE\ ILQGLQJDQ DOWHUQDWH OLQN DQG WKHQ LQIRUPV WKHVRXUFH QRGHE\
VHQGLQJDOLQNXSGDWHPHVVDJHWRLW
8QOLNHSURDFWLYHURXWLQJSURWRFROVWKH]RQHURXWLQJSURWRFROUHGXFHVWKH
FRQWURO RYHUKHDG E\ QRW EURDGFDVWLQJ URXWH LQIRUPDWLRQ DFURVV WKH QHWZRUN
LQVWHDGWKHEURDGFDVWLQJZLOOEHRQO\WRWKHORFDO]RQH$QGWKHEDQGZLGWKZLOO
EH VDYHG LQ =53 FRPSDULQJ WR UHDFWLYH URXWLQJ SURWRFROV VLQFH WKH URXWH
UHTXHVWPHVVDJHZLOOEHVHQWRQO\WRWKHERUGHUQRGHV
$OLQNORFDOUHSDLULQ=53PD\UHVXOWLQDVXERSWLPDOURXWHEHWZHHQWKH
VRXUFHDQG WKHGHVWLQDWLRQDQGVLQFHHDFKQRGHKDV LWVRZQ ORFDO]RQH WKH
QHWZRUNZLOOKDYHDODUJHQXPEHURI]RQHVDQGWKXVWKHFRQWURORYHUKHDGZLOO





,Q WKLV W\SH RI URXWLQJ SURWRFROV QRGHV ZLOO EH DVVLJQHG WR GLIIHUHQW
OHYHOVDQGQRGHVDWHDFKOHYHODUHSDUWLWLRQHGLQWRJURXSVZKLFKDUHFRQWUROOHG
E\FHQWUHQRGHV7KHJRDORIKLHUDUFKLFDOW\SHRIURXWLQJSURWRFROVLVWRUHGXFH




+LHUDUFKLFDO6WDWH5RXWLQJ3URWRFRO >,ZDWD HWDO @ LV DPXOWLOHYHO
KLHUDUFKLFDO SURWRFRO WKDW XVHV FOXVWHULQJ DWPRUH WKDQ RQH OHYHO $W WKH ILUVW
OHYHOWKHSK\VLFDOOHYHOQRGHVDUHGLYLGHGLQWRFOXVWHUVDQGHDFKFOXVWHUKDV
D FOXVWHU KHDG 7KH FOXVWHU KHDG FKRRVHV LWV QHDUHVW QHLJKERXUV WR EH LWV
FOXVWHUPHPEHUVDQGHDFKQRGHFDQEHDPHPEHURIPRUHWKDQRQHFOXVWHU$W
WKH QH[W KLJKHU OHYHO DOO FOXVWHUV¶ KHDGV DUH JURXSHG LQWR FOXVWHUV DQG HDFK
FOXVWHU VHOHFWV RQH RI LWVPHPEHUV WREHFRPHDFOXVWHUKHDG DQG WKHVDPH
SURFHVVHVZLOOEHSHUIRUPHGE\WKHKLJKHUOHYHOV$YLUWXDOOLQNLVXVHGWRNHHS









WKH URXWH UHTXHVW WR WKH QH[W KLJKHU OHYHO DQG WKH VDPH SURFHVV ZLOO EH
UHSHDWHGXQWLOWKHGHVWLQDWLRQLVUHDFKHG7KHVHQGHUSDVVHVDGDWDSDFNHWXS




KLHUDUFKLFDO URXWLQJ SURWRFRO '6'9 WDEOH GULYHQ URXWLQJ SURWRFRO DQG RQ
GHPDQG URXWLQJ SURWRFRO  ZKHQ+65 FRPSDUHGZLWK )65 WKH UHVXOWV VKRZ
WKDW WKH VL]H RI URXWH LQIRUPDWLRQ SDFNHW ZDV UHGXFHG LQ +65 E\ XVLQJ D
KLHUDUFKLFDO PHWKRG EXW LW ZDV GLIILFXOW WR ILQG WKH GHVWLQDWLRQ 2Q WKH RWKHU
KDQG )65 UHGXFHV WKH FRQWURO RYHUKHDG E\ UHGXFLQJ WKH URXWH XSGDWLQJ







SURWRFRO WKH SDFNHWV ZLOO EH EXIIHUHG XQWLO WKH URXWH LV UHFRQVWUXFWHG
([FKDQJLQJ URXWH LQIRUPDWLRQDERXWPXOWLOHYHODQG WKHFOXVWHUKHDGVHOHFWLRQ
SURFHVV LQFUHDVHV WKH FRQWURO SDFNHW RYHUKHDG LQ +65 >0XUWK\ DQG 0DQRM
@
3RVLWLRQ/RFDWLRQEDVHGURXWLQJ
,Q WKH SUHYLRXV W\SHV RI URXWLQJ SURWRFROV WKH QRGHV EURDGFDVW
PHVVDJHVDFURVVWKHQHWZRUNWRREWDLQDQLGHDDERXWWKHQHWZRUNWRSRORJ\,Q
WKLVW\SHRIURXWLQJSURWRFROVWKH*OREDO3RVLWLRQLQJ6\VWHP*36LVDVVXPHG
WR EH DYDLODEOH DQG HDFK QRGH LV DZDUH RI LWV ORFDWLRQ 7KH H[FKDQJLQJ RI
PHVVDJHV LVXVHGEHWZHHQQHLJKERXUVRQO\ WRFROOHFW LQIRUPDWLRQDERXW WKHLU






DUHD RI URXWH LQIRUPDWLRQ SDFNHWV 7KH SURWRFROXVHV WZR VFKHPHV WR ILQG D
SDWKWRDGHVWLQDWLRQLQWKHILUVWVFKHPHWKHVRXUFHLVDVVXPHGWREHDZDUHRI






RQO\ WKH QRGHV ZKLFK DUH ORFDWHG LQ WKLV DUHD DUH DOORZHG WR IRUZDUG WKH
VRXUFH¶VURXWHUHTXHVWPHVVDJH
,Q WKHVHFRQGVFKHPH WKHVRXUFHQRGHFDOFXODWHV WKHGLVWDQFH WR WKH






UHTXHVWPHVVDJH WKH GLVWDQFH YDOXH LQ WKHPHVVDJH ZLOO EH UHSODFHG E\ LWV
RZQGLVWDQFHYDOXH
,Q ERWK VFKHPHV XSRQ UHFHLYLQJ WKH URXWH UHTXHVW PHVVDJH WKH
GHVWLQDWLRQ UHSOLHV EDFN WR WKH VHQGHU ZLWK D URXWH 5HSO\ 0HVVDJH WKDW








SURWRFROV LQ >+RQJ HW DO @ DQG LQ >/HH HW DO @ LW ZDV FRPSDUHG
DJDLQVW:53)65'65DQG'5($07KHUHVXOWVVKRZWKDWVLQFHWKHORFDWLRQ
LQIRUPDWLRQLVXVHGLQ/$5DQGWKHSURSDJDWLQJRIWKHURXWHUHTXHVWPHVVDJHV
DUH OLPLWHG WRDVPDOODUHD WKHUHIRUH WKHRYHUKHDGZDV UHGXFHG%XW LQ/$5
DQG '5($0 WKH ORFDWLRQ LQIRUPDWLRQ LV REWDLQHG E\ IORRGLQJ PHVVDJHV
WKURXJKRXW WKH QHWZRUN DQG WKXV E\ LQFUHDVLQJ WKH QHWZRUN VL]H WKH FRQWURO
RYHUKHDGZLOOLQFUHDVH
$V PHQWLRQHG DERYH LQ WKLV W\SH RI URXWLQJ SURWRFROV DOO QRGHV DUH
DVVXPHG WRNQRZ WKHLU SRVLWLRQV EHFDXVH RI WKHDYDLODELOLW\RI*36RUVRPH
RWKHUVRXUFHVRIORFDOL]DWLRQWHFKQLTXH$QGWKXVWKLVW\SHRISURWRFROVFDQQRW
EH XVHGZKHUH WKHVH W\SHV RI GHYLFHV DUH QRWDYDLODEOH >0XUWK\ DQG0DQRM
/HHHWDO@
5RXWLQJE\)ORRGLQJ
)ORRGLQJ LV WKHVLPSOHVWPHWKRGZKLFKFDQEHXVHG WRGHOLYHUSDFNHWV
IURPD VRXUFH QRGH WR D GHVWLQDWLRQ QRGH LQ WKH QHWZRUN ,Q IORRGLQJ LI WKH
VRXUFHKDVGDWDWRVHQGLWVLPSO\EURDGFDVWVWKHSDFNHWWRLWVQHLJKERXUVDQG
WKHQHLJKERXUVLQWXUQUHEURDGFDVWWKHGDWDSDFNHWWRWKHLUQHLJKERXUVILQDOO\
WKHGDWD UHDFKHV WKH GHVWLQDWLRQ ,Q IORRGLQJ WKH LQWHUPHGLDWHQRGHV IRUZDUG





SDFNHW DW OHDVW RQFH $Q LQWHUPHGLDWH QRGH LV DOORZHG WR IRUZDUG WKH GDWD
SDFNHW RQO\ RQH WLPH WKHUHIRUH WKH IRUZDUGLQJ RI WKH VDPH SDFNHW FDQ EH
WHUPLQDWHG DQG WKH ORRSV ZLOO EH DYRLGHG >0RKDSDWUD DQG .ULVKQDPXUWK\
@
7KH IORRGLQJ PHWKRG GRHV QRW UHTXLUH DQ\ LQIRUPDWLRQ DERXW WKH
QHWZRUNWRSRORJ\WKHUHIRUHQRQHHGIRUEURDGFDVWLQJURXWHUHTXHVWSDFNHWVRU
URXWH UHSO\ SDFNHWV DQG WKXV URXWH VHWXS RYHUKHDG DQG URXWH PDLQWHQDQFH
RYHUKHDGLVYHU\ORZLQIORRGLQJ3XUHIORRGLQJZDVFRPSDUHGLQ>9LVZDQDWKHW
DO @ WR 2'053 DQG 0$2'9 DQG WKH UHVXOWV VKRZ WKDW WKH GDWD
IRUZDUGLQJRYHUKHDGLQIORRGLQJZDVWKHKLJKHVWLQDOOGLIIHUHQWVFHQDULRVDQG
WKLV LVEHFDXVHE\ LQFUHDVLQJ WKHQXPEHURIQRGHV WKHQXPEHURI IRUZDUGHG
SDFNHWV LQFUHDVHV WKHUHIRUH WKH RYHUKHDG DQG FROOLVLRQV LQFUHDVHV +HQFH
IORRGLQJKDVDVFDODELOLW\SUREOHP7KHEDQGZLGWK LVZDVWHG LQ IORRGLQJVLQFH
ZKHQHYHUDGDWDSDFNHWLVVHQWE\WKHVRXUFHQRGHHYHU\QRGHLQWKHQHWZRUN
PXVWUHFHLYHDQGIRUZDUGWKLVSDFNHW






7KH 6FRSHG )ORRGLQJ PHWKRG >9LVZDQDWK DQG 2EUDF]ND @ ZDV
GHYHORSHGIRUORZPRELOLW\VFHQDULRVVXFKDVFRQIHUHQFHVDQGZLWKWKHDLPRI
UHGXFLQJWKHQXPEHURIUHEURDGFDVWPHVVDJHVLQRUGHUWRDYRLGFROOLVLRQVDQG
UHGXFH RYHUKHDG ,Q WKLV PHWKRG HYHU\ QRGH SHULRGLFDOO\ VHQGV D KHOOR
PHVVDJH WR LWV QHLJKERXUV DQG WKLVPHVVDJH LQFOXGHV WKH RULJLQDWRU QRGH¶V
QHLJKERXUV1RGHV XVH WKHVHPHVVDJHV WRXSGDWH WKH QHLJKERXU OLVWVZKLFK
DUHVWRUHG LQ WKHLUFDFKH OLVWE\DGGLQJ WKH UHFHLYHG OLVW WR WKHLURZQ OLVW ,ID




7KH +\SHU )ORRGLQJ WHFKQLTXH >9LVZDQDWK DQG 2EUDF]ND @ LV














UHGXFH WKH IRUZDUGLQJ RYHUKHDG E\ FRPSDUHG WR SXUH IORRGLQJ %XW LWV
GLVDGYDQWDJH LV WKDW WKH RYHUKHDG LQFUHDVHV DV WKH QHWZRUN VL]H LQFUHDVHV
DQG WKXV VFRSHG IORRGLQJ LV QRW D VFDODEOH PHWKRG ,Q WKH K\SHU IORRGLQJ




,Q WKLVFKDSWHU WKHFKDOOHQJHV WKDW IDFH URXWLQJ SURWRFROV LQPRELOH DG
KRFQHWZRUNVLQFOXGLQJQRGHPRELOLW\G\QDPLFWRSRORJ\FKDQJHVFRQJHVWLRQ
HQHUJ\ FRQVWUDLQWV WKH ODFN RI D IL[HG LQIUDVWUXFWXUH VXSSRUW DQG WKH OLPLWHG
EDQGZLGWK DUH GLVFXVVHG $ VXUYH\ RI FODVVLILFDWLRQV RI DG KRF QHWZRUNV
URXWLQJ SURWRFROV LQFOXGLQJ HYHQW GULYHQ SURDFWLYH SURWRFROV UHJXODU XSGDWH




SRVLWLRQEDVHGSURWRFROVDQGURXWLQJE\ IORRGLQJ VFRSHG IORRGLQJDQGK\SHU
IORRGLQJ DUH JLYHQ DQG GLVFXVVHG LQ GHWDLO E\ H[SORULQJ WKHLU PHFKDQLVPV
DGYDQWDJHVDQGGLVDGYDQWDJHV
,QSURDFWLYHSURWRFROVWKHURXWHLQIRUPDWLRQLVFROOHFWHGDOOWKHWLPHDQG
WKXV DV WKH QXPEHU RI QRGHV RU PRELOLW\ LQFUHDVHV WKH FRQWURO RYHUKHDG
LQFUHDVHVDQGWKHUHIRUHWKHQHWZRUNVSHUIRUPDQFHGHJUDGHV,QVRXUFHURXWLQJ
UHDFWLYH SURWRFROV WKH EURNHQ OLQN LV GLVFRYHUHG RQO\ DIWHU WKH SDFNHWV DUH
XQDEOH WR XVH WKH EURNHQ URXWH DQG WKLV LQFUHDVHVGHOD\$QG LQQRQVRXUFH
URXWLQJ UHDFWLYH SURWRFROV VXIIHU IURP RYHUKHDG GXH WR WKH URXWH UHTXHVW
SDFNHWV ,QK\EULGURXWLQJSURWRFROVVLQFHHDFKQRGHKDV LWVRZQ ORFDO]RQH
WKHQHWZRUNZLOOKDYHDODUJHQXPEHURI]RQHVDQGWKXVWKHFRQWURORYHUKHDG
ZLOO EH LQFUHDVHG EHFDXVH RI WKH ODUJH RYHUODSSLQJ RI ORFDO ]RQHV ,Q
KLHUDUFKLFDO URXWLQJSURWRFROV WKHSDFNHW ORVV LVKLJKVLQFHDV WKH OLQNEUHDNV

















&RPSDUHG WR ZLUHG QHWZRUNV PXOWLFDVW URXWLQJ LQ PRELOH DG KRF
QHWZRUNV IDFHV PDQ\ FKDOOHQJHV 7KHVH FKDOOHQJHV PDNH WKH GHVLJQ RI D
UHOLDEOH URXWLQJ SURWRFRO D GLIILFXOW WDVN 'HOLYHULQJ WKH SDFNHWV E\ XVLQJ
PXOWLFDVWUDWKHUWKDQPXOWLSOHXQLFDVWVDYHVWKHOLPLWHGEDQGZLGWKLQPRELOHDG










PXOWLFDVW 8QLFDVW LV RQHWRRQH FRPPXQLFDWLRQ DQG DVHSDUDWHFRS\ RI WKH
VDPH PHVVDJH ZLOO EH GHOLYHUHG IURP D VRXUFH QRGH WR HDFK GHVWLQDWLRQ
%URDGFDVW LV RQHWRDOO QRGHV LQ WKH QHWZRUN DQG $Q\FDVW LV RQHWRVHOHFWHG
PHPEHUVRIDJURXS0XOWLFDVWLQJLVWKHWUDQVPLVVLRQRIGDWDIURPRQHQRGHWR
Q UHFHLYHUV DQG RQO\ RQH FRS\ RI WKH PHVVDJH ZLOO EH GHOLYHUHG WR DOO










,Q PRELOH DG KRF QHWZRUNV OLQNV EUHDN EHFDXVH RI QRGH PRYHPHQW
WKHUHIRUHGDWDDQGFRQWUROSDFNHWVPD\EHGURSSHGDQGWKLVFDQFDXVHSDFNHW
GHOLYHU\ UDWLR WRGHFUHDVH7KHUHIRUH WKH URXWLQJSURWRFROVKRXOGEH UREXVW WR
PRELOLW\>0XUWK\DQG0DQRM@
(IILFLHQF\
7KH EDQGZLGWK LV OLPLWHG LQ PRELOH DG KRF QHWZRUNV WKHUHIRUH WKH
HIILFLHQF\ LV DQ LPSRUWDQW LVVXH IRU DG KRF URXWLQJ SURWRFROV (IILFLHQF\ LQ
PXOWLFDVW LV GHILQHG DV WKH QXPEHU RI FRQWURO SDFNHWV DQG GDWD SDFNHWV
WUDQVPLWWHGSHUGDWDSDFNHWGHOLYHUHG>0XUWK\DQG0DQRM@
&RQWURORYHUKHDG
,Q RUGHU WR FUHDWH D PHVK RU WUHH WR DOORZ JURXS PHPEHUV WR
FRPPXQLFDWH ZLWK RQH DQRWKHU WKH FRQWURO SDFNHWV DUH QHHGHG $QG E\
LQFUHDVLQJ WKHQXPEHURIFRQWUROSDFNHWV WKHFRQWURORYHUKHDG LQFUHDVHVDQG





6RPHRI WKH URXWLQJSURWRFROV UHTXLUH WKHVXSSRUWRIDVSHFLILF URXWLQJ
SURWRFRO ,Q WKLV FDVH LW LV GLIILFXOW IRU WKH SURWRFRO WR ZRUN LQ KHWHURJHQHRXV
VLWXDWLRQV$QG WKXV LW LVYHU\ LPSRUWDQW WKDW WKHSURWRFRO LV LQGHSHQGHQWRID
XQLFDVWSURWRFRO>0XUWK\DQG0DQRM@
5HVRXUFHPDQDJHPHQW
6RPHRI WKHFKDUDFWHULVWLFVRIPRELOHDGKRF QHWZRUNVDUH WKH OLPLWHG
EDQGZLGWK UHO\LQJ RQ EDWWHULHV DQG OLPLWHG PHPRU\ $QG WKXV WKH SRZHU
FRQVXPSWLRQVKRXOGEHUHGXFHGE\UHGXFLQJWKHQXPEHURIWUDQVPLVVLRQVDQG
PLQLPXP URXWLQJ LQIRUPDWLRQ VKRXOG EH XVHG WR VDYH WKH QRGH¶V PHPRU\
>0XUWK\DQG0DQRM@
&ODVVLILFDWLRQRIPXOWLFDVW5RXWLQJ 0HWKRGV
0XOWLFDVW URXWLQJ SURWRFROV FDQ EH FODVVLILHG DFFRUGLQJ WR WKH URXWH





0XOWLFDVW URXWLQJ SURWRFROV FDQ EH FODVVLILHG LQWR IRXU FDWHJRULHV
DFFRUGLQJ WR WKH URXWH FRQVWUXFWLRQ WUHH EDVHG PHVK EDVHG K\EULG DQG
VWDWHOHVV URXWLQJ SURWRFROV 2'053 DQG &$03 DUH H[DPSOHV RI PHVK DQG
0$2'9DQG$05,6DUHH[DPSOHVRI WUHH$05RXWH LVDQH[DPSOHRIK\EULG
DQG ''0 LV DQ H[DPSOH RI D VWDWHOHVV URXWLQJ SURWRFRO >0RKDSDWUD DQG
.ULVKQDPXUWK\  0XUWK\ DQG 0DQRM  &RUGHLUR HW DO 




RIPXOWLFDVW URXWLQJSURWRFRO WKHVHQGHUDQG WKH UHFHLYHU DUHFRQQHFWHGZLWK
RQO\ RQH SDWK 7KH PDMRU GLVDGYDQWDJH RI WUHH EDVHG PXOWLFDVW URXWLQJ
SURWRFROV LV WKDW WKHLU SHUIRUPDQFH LV QRW UREXVW LQ KLJKO\ PRELOH VLWXDWLRQV














ZLOO UHFHLYHPDQ\ UHSO\ SDFNHWV WKHUHIRUHRQH RI WKHPZLOO EH FKRVHQDQGD
5HVHUYH3DFNHWZLOOEHVHQWWRLW
:KHQDOLQNEUHDNRFFXUVEDQGZLGWKHIILFLHQWPXOWLFDVWURXWLQJSURWRFRO
XVHV RQHRI WZRVFKHPHV WR UHFRQILJXUH WKH WUHH 7KH ILUVW VFKHPH LVFDOOHG
%URDGFDVW0XOWLFDVW6FKHPHDQGLQWKLVVFKHPHWKHQRGHWKDWLVFORVHUWRWKH
VHQGHULVUHVSRQVLEOHIRUIL[LQJWKHEURNHQOLQNE\ILQGLQJDQHZURXWHZKLFKLV
XVXDOO\ DFKLHYHG E\ IORRGLQJ DQG FRQQHFWLQJ WKH GRZQVWUHDP QRGH 7KH










$ EDQGZLGWK HIILFLHQW PXOWLFDVW URXWLQJ SURWRFRO VDYHV EDQGZLGWK DQG











WKHLU PXOWLFDVW JURXS¶V PHPEHUV )RUZDUGLQJ WKH SDFNHWV ZLOO EH RQO\







0XOWLFDVW $G +RF 2Q'HPDQG 'LVWDQFH 9HFWRU URXWLQJ SURWRFRO LV DQ
H[WHQVLRQRI$2'9 URXWLQJSURWRFRO0$2'9XVHVDPXOWLFDVW WUHH WRGHOLYHU
SDFNHWVWRPXOWLFDVWJURXSUHFHLYHUV&RQVWUXFWLQJDPXOWLFDVWWUHHVWDUWVZKHQ
DQRGHGHFLGHV WR MRLQDJURXS ,I WKHURXWHWR WKH*URXS/HDGHULVNQRZQD
URXWH UHTXHVWSDFNHW 55(4ZLOO EH XQLFDVW WR LW RWKHUZLVH D URXWH UHTXHVW
SDFNHWZLOOEHVHQWDFURVVWKHQHWZRUNDVVKRZQLQ)LJXUH7KLVPHVVDJH
ZLOO EH UHVHQW D QXPEHU RI WLPHV DQG LI QR DQVZHU ZDV UHFHLYHG ZLWKLQ D
SUHGHWHUPLQHG SHULRG RI WLPH WKH VHQGHU QRGH DVVXPHV WKDW QR PRUH
PXOWLFDVW JURXS PHPEHUV H[LVW DQG LQ WKLV FDVH LW ZLOO EHFRPH WKH *URXS
/HDGHU 7KH*URXS/HDGHU XVXDOO\ LV WKH ILUVW QRGH WKDW MRLQV WKH JURXSDQG
HDFKJURXSKDVLWVRZQVHTXHQFHQXPEHUZKLFKLVDVVLJQHGWRRQHE\WKHQHZ











DPHPEHU RI WKHPXOWLFDVW JURXS UHFHLYHV WKH URXWH UHTXHVW SDFNHW DQG WKH






ORRS IUHH SURSHUW\ 7KH DFFHSWHG SDFNHW ZLOO EH WKH RQH ZLWK WKH KLJKHVW
VHTXHQFHQXPEHUDQGWKDWKDV WKHVKRUWHVWKRSFRXQWWRWKHPXOWLFDVWJURXS
PHPEHUV,IDQLQWHUPHGLDWHQRGHOHDYHVLWVJURXSLWZLOOFRQWLQXHWRURXWHWKH




WKH UHVSRQVLELOLW\ RI UHSDLULQJ WKH OLQN 7KH UHSDLULQJ ZLOO EH SHUIRUPHG E\
EURDGFDVWLQJDURXWHUHTXHVWSDFNHWWRDVPDOODUHDGHWHUPLQHGE\DVPDOO77/





&RPSDUHG WR VRXUFH WUHH EDVHG PXOWLFDVW URXWLQJ SURWRFROV 0$2'9
UHGXFHVWKHRYHUKHDGDQGVDYHVWKHOLPLWHGEDQGZLGWKLQDGKRFQHWZRUNVE\






ORVV DOVR LQFUHDVHV $Q\ EUHDN LQ WKH VKDUHG OLQN ZLOO HIIHFW DOO PXOWLFDVW
VHVVLRQV$QGDOVRKDYLQJRQH OHDGHU IRU WKHVKDUHG WUHH LVDVLQJOHSRLQWRI
IDLOXUH
0XOWLFDVW $G +RF 2Q 'HPDQG 'LVWDQFH 9HFWRU URXWLQJ SURWRFRO ZDV
FRPSDUHG LQ >0RKDQ HWDO @ WR2'053DQG WKH UHVXOWVVKRZ WKDW WKH
SHUIRUPDQFH RI ERWK SURWRFROV GHJUDGHV ZKHQ WKH QXPEHU RI VHQGHUV
LQFUHDVHV DERYH  7KLV LVGXH WR WKH LQFUHDVLQJ RI WKH ORDGRQ WKHVKDUHG
WUHHLQ0$2'9ZKHQWKHQXPEHURIVHQGHUVLQFUHDVHV%\LQFUHDVLQJPRELOLW\




,Q PHVK EDVHG PXOWLFDVW URXWLQJ SURWRFROV D PXOWLFDVW PHVK ZLOO EH
FUHDWHG WR DOORZPXOWLFDVW JURXS PHPEHUV WR FRPPXQLFDWH ZLWK HDFK RWKHU
0RELOLW\LVRQHRIWKHPDMRUFKDUDFWHULVWLFVRIDGKRFQHWZRUNVDQGQHWZRUN¶V
OLQNVEUHDNEHFDXVHRIQRGHPRELOLW\0HVKEDVHGSURWRFROVSURYLGHPXOWLSOH
URXWHV EHWZHHQ D VRXUFH QRGH DQG GHVWLQDWLRQ QRGH DQG WKXV ZKHQ D OLQN
EUHDNVSDFNHWVFDQXVHDGLIIHUHQWURXWH>'KLOORQDQG1JR@2Q'HPDQG





2Q 'HPDQG 0XOWLFDVW 5RXWLQJ 3URWRFRO LV D PHVK EDVHG PXOWLFDVW
URXWLQJSURWRFRO$PHVKLVFUHDWHGLQRUGHUWRGHOLYHUFRQWURODQGGDWDSDFNHWV
IURP D VRXUFH QRGH WR D GHVWLQDWLRQ QRGH -XVW OLNH RQ GHPDQG XQLFDVW
SURWRFROVWKLVSURWRFROKDVWZRSKDVHVWKHURXWHUHTXHVWSKDVHDQGWKHURXWH
UHSO\SKDVH
&UHDWLQJWKHPHVK LVSHUIRUPHGE\ WKHVRXUFH ,IDVRXUFHKDVGDWD WR
VHQG DQG QR URXWH LQIRUPDWLRQ LV DYDLODEOH LW EURDGFDVWV D JURXS LQYLWDWLRQ
PHVVDJH SHULRGLFDOO\ DFURVV WKH QHWZRUN 7KLV PHVVDJH LV FDOOHG D -2,1
5(48(67 SDFNHW DV VKRZQ LQ )LJXUH  8SRQ UHFHLYLQJ D QRQ GXSOLFDWH
-2,1 5(48(67 SDFNHW WKH LQWHUPHGLDWH QRGH VWRUHV WKH XSVWUHDP QRGH
DGGUHVVZKLFKLVFRQVLGHUHGDVEDFNZDUGOHDUQLQJDQGIRUZDUGVWKHSDFNHW,I
WKH -2,1 5(48(67 SDFNHW LV UHFHLYHG E\ D PXOWLFDVW JURXS UHFHLYHU WKH
PHPEHU WDEOH WKDW LV VWRUHG LQ LWV FDFKH ZLOO EH XSGDWHG ZLWK WKH VRXUFH
LQIRUPDWLRQ DQGDPHVVDJHFDOOHGD-2,15(3/<SDFNHWZLOO EH VHQW WR WKH
QHLJKERXUV ,IDQRGH UHFHLYHV WKH-2,15(3/<SDFNHW WKHSDFNHW¶VHQWULHV
ZLOOEHFKHFNHGDQGLIWKH³QH[WQRGH,'´HQWU\PDWFKHVLWVRZQ,'WKHQRGH











2Q 'HPDQG 0XOWLFDVW 5RXWLQJ 3URWRFRO XVHV VHTXHQFH QXPEHUV WR





,Q 2Q 'HPDQG 0XOWLFDVW 5RXWLQJ 3URWRFRO WKH PXOWLFDVW JURXS
PHPEHUVKLS LV UHQHZHG DIWHU HYHU\ SUHGHWHUPLQHG SHULRG RI WLPH E\
EURDGFDVWLQJ WKH -2,1 5(48(67 DQG -2,1 5(3/< SDFNHWV ,I D QRGH


















>.XQ] DQG &KHQJ @ 2'053 ZDV FRPSDUHG WR $2'9 DQG WKH UHVXOWV
VKRZWKDW2'052LV UREXVW WRPRELOLW\EHFDXVHRI WKHUHGXQGDQW URXWHVWKDW
WKH PHVK SURYLGHV DQG 2'053 RXWSHUIRUPV $2'9 LQ WHUPV RI SDFNHW
GHOLYHU\UDWLR2QWKHRWKHUKDQG$2'9VFDOHVEHWWHUWKDQ2'053
,Q >/HH HW DO @ 2'053 ZDV FRPSDUHG WR $05287( &$03
$05,6DQG)/22',1*DQGWKHUHVXOWVVKRZWKDWGXH WRWKHPHVKWRSRORJ\
2'053KDVDJRRGSHUIRUPDQFHLQG\QDPLFVLWXDWLRQVDVWKHPRELOLW\VSHHG
LQFUHDVHV 2'053 SHUIRUPDQFH LPSURYHV 2'053 RXWSHUIRUPV DOO RWKHU
SURWRFROV LQ WHUPV RI SDFNHW GHOLYHU\ UDWLR XQGHU GLIIHUHQW VFHQDULRV VXFK DV
LQFUHDVLQJ WKH QXPEHU RI VHQGHUV LQFUHDVLQJ WKH JURXS VL]H DQG LQFUHDVLQJ
WKHVSHHG
E0HVK%DVHGPHWKRGYHUVXV7UHHEDVHGPHWKRG
([LVWLQJ VWXGLHV VKRZ WKDW WKH PHVK SURWRFROV SHUIRUPHG VLJQLILFDQWO\





 /HH HW DO *DUFLD/XQD$FHYHV DQG0DGUXJD  /HH HW DO
@ ,Q WUHHV ZKHQ OLQNV DUH QRW DYDLODEOH GXH WR QRGH PRYHPHQWV WKH
SDFNHWVPXVWEHEXIIHUHGRUGURSSHGXQWLO WKH WUHH LV UHFRQVWUXFWHGDQG WKLV
FDXVHV WKHSDFNHWGHOLYHU\ UDWLR WRGHFUHDVH2Q WKHRWKHUKDQG  UHGXQGDQW
URXWHVLQWKHPHVKSURYLGHDOWHUQDWHURXWHVIRUGDWDGHOLYHU\LQFDVHRIOLQN
EUHDNV GXH WR PRELOLW\ DQG HYHQ LI WKH PDMRU URXWHV ZHUH QRW DYDLODEOH WKH
SDFNHW FDQ VWLOO EH GHOLYHUHG WR WKH GHVWLQDWLRQ   'DWD SDFNHWV FDQ WDNH
GLIIHUHQW URXWHV WR WKH GHVWLQDWLRQ ZKLOH WKH SULPDU\ URXWH LV EHLQJ UHSDLUHG
0HVK EDVHG SURWRFRO PD\ FRQVXPH PRUH EDQGZLGWK WKDQ WUHH EDVHG




HQKDQFH WKH SHUIRUPDQFH RI DG KRF URXWLQJ SURWRFROV 7KLV DSSURDFK KDV
SHUIRUPDQFH GHJUDGDWLRQ ZLWK D KLJK GHJUHH RI PRELOLW\ DQG HQFRXQWHUV
SUREOHPV OLNHFRQJHVWLRQDQGEXIIHURYHUIORZ>6HVD\HWDO&RUGHLURHW
DO  /HH HW DO @ $G +RF 0XOWLFDVW 5RXWLQJ 3URWRFRO $05RXWH





,Q $G +RF 0XOWLFDVW 5RXWLQJ 3URWRFRO D PXOWLFDVW WUHH LV FRQVWUXFWHG
RYHU WKH XQGHUOLQJPXOWLFDVWPHVK 7KLV SURWRFRO KDV WZR PDMRU SKDVHV WKH
ILUVW SKDVH LV WKH PHVK FUHDWLRQ SKDVH DQG WKH VHFRQG LV WKH YLUWXDO XVHU
PXOWLFDVW WUHHFRQVWUXFWLRQ SKDVH ,Q$05RXWH RQHRI WKH JURXSPHPEHUV LV




DV WKH ORJLFDO FRUH IRU WKH JURXS (YHU\ FRUH SHULRGLFDOO\ EURDGFDVWV D -RLQ
5HTXHVWPHVVDJHWRGLVFRYHURWKHUJURXSPHPEHUV7KHPHVVDJHFRPSULVHV
WKH VRXUFH ,' WKH JURXS ,' WKH PHVVDJH ,' DQG WKH 7LPH 7R /LYH 77/
:KHQDFRUHUHFHLYHVWKLVPHVVDJHIURPDQRWKHUFRUHD-RLQ5HSO\PHVVDJH
ZLOOEHVHQWDQGWKHWZRFRUHVIRUPDQHZPHVK(DFKRQHRIWKHFRUHVPDUNV
WKHRWKHUDV DPHVKQHLJKERXU DQG DELGLUHFWLRQDO WXQQHOZLOO EH HVWDEOLVKHG
EHWZHHQ WKHP7KH-RLQ5HSO\PHVVDJHVFRPSULVH WKHVRXUFH ,' WKHJURXS








:KHQ D PHVK LV FUHDWHG WKH ORJLFDO FRUH SHULRGLFDOO\ EURDGFDVWV










WKH\DUHFUHDWHGXVLQJ WKHPXOWLFDVWPHVK ,Q WKLVSURWRFROQRGHVZKLFKDUH
QRWPHPEHUVRI WKHPXOWLFDVW WUHHDUHQRWVXSSRVHG WR IRUZDUGGDWDSDFNHWV





EHFRPHV DYLUWXDO FRUH$QG LI WKHVHJPHQWV UHMRLQ RQHRI WKHFRUHVZLOO EH
HOHFWHGWREHFRPHWKHYLUWXDOFRUHIRUWKHPXOWLFDVWJURXS
7KH GLVDGYDQWDJH RI WKH $05RXWH URXWLQJ SURWRFRO LV WKDW WHPSRUDU\
ORRSVDQGZLWKPRELOLW\WKHSURWRFROFRQVWUXFWVQRQRSWLPDOWUHHV>&RUGHLURHW
DO /HHHW DO@%\ LQFUHDVLQJVSHHG WKH QXPEHU RIKRSV RI WKH
XQLFDVW WXQQHOEHFRPHV ODUJHU WKHUHIRUH WKHWKURXJKSXWGHFUHDVHV7KHFRUH




$05RXWH ZDV FRPSDUHG LQ >/HH HW DO @ WR 2'053 &$03
)ORRGLQJ DQG $05,6 7KH UHVXOWV VKRZ WKDW $05RXWH KDV D JRRG SDFNHW
GHOLYHU\ UDWLR LQ VWDWLF VLWXDWLRQV DQG RQ WKH RWKHU KDQG E\ LQFUHDVLQJ WKH
PRELOLW\ VSHHG WKH SURWRFRO¶V SHUIRUPDQFH GHJUDGHV 7KLV LV EHFDXVH RI WKH
IRUPDWLRQRI ORRSVDQGWKHFUHDWLRQRIVXERSWLPDOWUHHV7KHSHUIRUPDQFHRI




,Q WKH VWDWHOHVV DSSURDFK SURWRFROV GR QRW FUHDWH D PHVK RU WUHH WR
HVWDEOLVKJURXSFRPPXQLFDWLRQLQVWHDGDOOLQWHUPHGLDWHQRGHVDGGUHVVHVIURP
VRXUFHQRGH WRGHVWLQDWLRQQRGHDUHFRQWDLQHG LQ WKHSDFNHWKHDGHUDQGQR
URXWLQJ LQIRUPDWLRQ LV VWRUHGDW DQ\ LQWHUPHGLDWHQRGHH[FHSW IRU WKHVHQGHU
QRGH7KH6WDWHOHVVDSSURDFKIRFXVHVRQVPDOOJURXSVDQGLWKDVSHUIRUPDQFH









PXOWLFDVW JURXS D -RLQ 5HTXHVW SDFNHW ZLOO EH XQLFDVW WR WKH VRXUFH QRGH
:KHQUHFHLYLQJD-RLQ5HTXHVWSDFNHWWKHVRXUFHQRGHFKHFNVWKHYDOLGLW\RI
WKHSDFNHW DQG VWRUHV WKH GHVWLQDWLRQ DGGUHVV LQ D WDEOHFDOOHG0HPEHU /LVW
0/ LQ LWV PHPRU\ DQG VHQGV DQ $FNQRZOHGJPHQW FRQWURO SDFNHW WR WKH
GHVWLQDWLRQ $OO PXOWLFDVW JURXS PHPEHUV SHULRGLFDOO\ VHQG -RLQ 5HTXHVW
SDFNHWV WR WKH VRXUFH QRGH WKH VRXUFH XVHV WKHVH SDFNHWV WR XSGDWH WKH
0HPEHU /LVW ,I D GHVWLQDWLRQ GRHV QRW VHQG D -RLQ 5HTXHVW SDFNHWZLWKLQ D
SUHGHWHUPLQHG SHULRG RI WLPH WKH VRXUFH QRGH UHPRYHV LWV HQWU\ IURP WKH
0HPEHU/LVW,IDPHPEHUQRGHGHFLGHVWROHDYHWKHJURXSDQH[SOLFLW/($9(
SDFNHWPXVWEHVHQWWRWKHVRXUFH
''0 FDQ GHOLYHU GDWD SDFNHWV WR D GHVWLQDWLRQ XVLQJ WZR GLIIHUHQW
PRGHVVWDWHOHVVPRGHDQGVRIWVWDWHPRGH,QVWDWHOHVVPRGHLIDVRXUFHKDV
GDWD WR VHQG WKH GHVWLQDWLRQ DGGUHVV ZLOO EH LQVHUWHG LQWR WKH GDWD SDFNHW¶V
KHDGHU ILHOG ZKLFK LV FDOOHG ''0 EORFN DQG XQLFDVW WR WKH QH[W KRS 7KLV
WUDQVPLVVLRQ LVSHUIRUPHGE\XVLQJWKHXQGHUO\LQJXQLFDVWSURWRFRO:KHQWKH
SDFNHWLVUHFHLYHGE\WKHQH[WQRGHLWVQH[WQRGHDGGUHVVZLOOEHWDNHQIURP





LWV IRUZDUGLQJVHW )6 $QG WKXV LQ IXWXUH WUDQVPLVVLRQV WKHUH LV QRQHHG WR
VWRUH WKHHQWLUHGHVWLQDWLRQDGGUHVVHV LQ WKHGDWDSDFNHW¶VKHDGHUVLQFHWKH\
DUHDYDLODEOH LQ WKHLQWHUPHGLDWHQRGHV¶PHPRULHV ,IDQ\FKDQJHVKDSSHQWR









PHVVDJHV LQFUHDVHV WKHUHIRUH WKH RYHUKHDG LQFUHDVHV +HQFH ''0 KDV D
VFDODELOLW\SUREOHP >0XUWK\ DQG0DQRM 0RKDSDWUDDQG.ULVKQDPXUWK\
&RUGHLURHWDO@
7RSRORJ\DQGURXWHLQIRUPDWLRQFODVVHV









3URDFWLYH SURWRFROVPDLQWDLQ WDEOHV WKDWVWRUH URXWLQJ LQIRUPDWLRQ 7KH
DGYDQWDJHLVWKDWDWDOOWLPHVWKHURXWHVWRDOOGHVWLQDWLRQVDUHUHDG\WRXVHEXW
WKH SULFH ZLOO EH LQFUHDVLQJ RYHUKHDG DIIHFWLQJ EDQGZLGWK DQG WKURXJKSXW






&$03 NHHSV WKH VKRUWHVW URXWHV IURP WKH UHFHLYHU¶V QRGHV WR WKH VRXUFH¶V
QRGHVLQWKHPXOWLFDVWPHVK(DFKQRGHNHHSVDPXOWLFDVWURXWLQJWDEOH057
VWRUHGLQLWVPHPRU\DQGQRGHVVWRUHLQWKLVWDEOHWKHPHPEHUVKLSDQGURXWLQJ





1RGHV LQ&$03DUHFDWHJRUL]HG LQWR WKUHH W\SHVVLPSOH[GXSOH[DQG
QRQPHPEHU$6LPSOH[QRGHLVDOORZHGWRVHQGSDFNHWVIURPDVSHFLILFQRGH
WR WKH JURXS PHPEHUV EXW LW GRHV QRW IRUZDUG SDFNHWV IURP WKH JURXS
PHPEHUV2QWKHRWKHUKDQGWKHGXSOH[QRGHFDQIRUZDUGSDFNHWVIURPJURXS
PHPEHUVZKHUHDVWKHQRQPHPEHUQRGHLVQRWDOORZHGWREHDPHPEHURIWKH




WKH -2,1 5(48(67 PHVVDJH LV UHFHLYHG E\ D GXSOH[ QRGH D -2,1 $&.
PHVVDJHZLOOEHVHQWEDFNWRWKHRULJLQDWRURIWKH-2,15(48(67
(DFK UHFHLYHU SHULRGLFDOO\ FKHFNV LWV FDFKH WR YHULI\ ZKHWKHU LW LV
UHFHLYLQJGDWDSDFNHWVIURPLWVQHLJKERXUVWKDWDUHRQWKHVKRUWHVWURXWHWRWKH
FRUH,IQRSDFNHWVDUHUHFHLYHGWKHQRGHVHQGVD+($57%($7PHVVDJHWR
WKHVRXUFHDORQJ WKHVKRUWHVW URXWHDQG LIQRQHRI WKHQHLJKERXUV LVDPHVK
PHPEHU D 386+ -2,1 PHVVDJH ZLOO EH VHQW 7KLV SURFHVV IRUFHV WKH
VXFFHVVRUWRMRLQWKHPHVKDQGWRHQVXUHWKDWWKHVKRUWHVWURXWHLVSDUWRIWKH
PHVK







&$03 ZDV FRPSDUHG LQ >/HH HW DO @ WR 2'053 $05RXWH
)ORRGLQJ DQG $05,6 7KH UHVXOWV VKRZ WKDW VLQFH &$03 XVHV D PHVK
WRSRORJ\ LWV SHUIRUPDQFHZDV EHWWHU WKDQ D WUHH EDVHG SURWRFRO DQG RQ WKH
RWKHUKDQGWKHPHVKEDVHGSURWRFRO2'053RXWSHUIRUPV&$03EHFDXVHWKH
SDWKV WR D UHFHLYHU QRGH KDYH IHZHU UHGXQGDQW URXWHV WKDQ WKRVH QHDU WKH
PHVK FHQWUH DQG WKHUHIRUH LQ &$03 PDQ\ SDFNHWV IRUZDUGHG WR WKH
GHVWLQDWLRQV ZHUH QRW GHOLYHUHG %\ LQFUHDVLQJ PRELOLW\ WKH SHUIRUPDQFH RI
&$03GHJUDGHVEHFDXVH&$03UHOLHVRQWKH:53XQLFDVWURXWLQJSURWRFRO
DQG :53 UHTXLUHV D SHULRG RI WLPH WR FRQVWUXFW D QHZ URXWH ZKHQ D OLQN
EUHDNV 7KXV E\ LQFUHDVLQJ PRELOLW\ WKH RYHUKHDG RI &$03 DOVR LQFUHDVHV
:KHQ WKH QXPEHU RI VRXUFHV ZDV LQFUHDVHG &$03 DFKLHYHV D EHWWHU









FDXVHV D SDWK GLVFRYHU\ GHOD\ ZKHQ D SDWK WR D GHVWLQDWLRQ LV QHHGHG $Q
H[DPSOH RI PXOWLFDVW RQ GHPDQG URXWLQJ SURWRFROV LV WKH $G KRF 0XOWLFDVW
5RXWLQJ3URWRFRO8WLOL]LQJ,QFUHDVLQJ,GQXPEHUV$05,6




JURXS VRXUFHV DQG PXOWLFDVW JURXS UHFHLYHUV (DFK JURXS PHPEHU LQ WKH
PXOWLFDVW VHVVLRQ LV DVVLJQHG DQ LG FDOOHG WKH PXOWLFDVW VHVVLRQ QXPEHU
LGHQWLILHU060,'
7R FRQVWUXFW D PXOWLFDVW WUHH RQH RI WKH PXOWLFDVW JURXS VRXUFHV
EURDGFDVWVDFRQWUROSDFNHWDFURVVWKHQHWZRUNWKLVSDFNHWLVFDOOHGWKH1HZ




VWDWXV :KHQ D QRGH UHFHLYHV WKH 1HZ 6HVVLRQ PHVVDJH WKH LQIRUPDWLRQ
GHULYHGIURPWKHPHVVDJHZLOOEHVWRUHGLQDWDEOHFDOOHGWKHQHLJKERXUVWDWXV
WDEOHDQG WKHQ WKHQRGHFDOFXODWHV LWVRZQ060 ,'ZKLFK LV ODUJHU WKDQ WKH




7R MRLQ DVHVVLRQ D QRGHFKHFNV LWVRZQ1HZ6HVVLRQPHVVDJHDQG
GHWHUPLQHV DQ XSVWUHDP QRGH ZLWK WKH VPDOOHVW 060 ,' DQG WKHQ D -RLQ




,Q $G KRF 0XOWLFDVW 5RXWLQJ 3URWRFRO 8WLOL]LQJ ,QFUHDVLQJ ,GQXPEHUV
HYHU\ QRGH PXVW EURDGFDVW EHDFRQV WR LWV QHDU QHLJKERXUV 7KH EHDFRQ
PHVVDJH LQFOXGHV WKH QRGH ,' WKH 060 ,' WKH PHPEHUVKLS VWDWXV WKH
XSVWUHDPQRG,'WKHXSVWUHDPQRG060,'WKHGRZQVWUHDPQRGH,'DQGWKH
GRZQVWUHDP QRGH 060 ,' 7KH EHDFRQ PHVVDJH LV XVHG WR PDLQWDLQ OLQN





RI WKH OLPLWHG EDQGZLGWK ZKLFK LV FDXVHG E\ XVLQJ WKH EHDFRQV DQG DOVR
SDFNHWORVVLQFUHDVHVGXHWREHDFRQVFROOLGLQJ





UHFRQVWUXFWHG DQG WKXV HQG WR HQG GHOD\ LQFUHDVHV DQG SDFNHW ORVV DOVR
LQFUHDVHV 7KH XSVWUHDP QRGH LV VHOHFWHG EDVHG RQ 060 ,' DQG WKLV
LQFUHDVHV WKH DYHUDJH KRS OHQJWK EHWZHHQ WKH PXOWLFDVW UHFHLYHU DQG WKH
VHQGHUDQGWKXVLQFUHDVHVWKHGHOD\DQGSDFNHWORVV
$05,6 ZDV FRPSDUHG LQ >/HH HW DO @ WR 2'053 $05RXWH
)ORRGLQJ DQG&$03 &RPSDUHG WR RWKHU SURWRFROV $05,6 KDV ORZHU SDFNHW
GHOLYHU\UDWLRGXHWRWKHXVHRIWUHHFRQILJXUDWLRQ7KHWUHHSURYLGHVRQO\RQH
SDWK EHWZHHQVRXUFHDQG UHFHLYHU DQG LI D OLQN EUHDNV GXH WR QRGHPRELOLW\
SDFNHW FRQJHVWLRQ DQG FROOLVLRQ ,Q $05,6 QHLJKERXUV H[FKDQJH EHDFRQV
HYHU\VHFRQGDQG LIQREHDFRQVDUHUHFHLYHGZLWKLQ WKUHHVHFRQGVWKHQRGH
UHDOL]HV WKDW WKH QHLJKERXU KDVPRYHG DZD\ 6R LI D OLQN EUHDNV LW WDNHV DW
OHDVW WKUHH VHFRQGV EHIRUH WKH OLQN LV UHFRQVWUXFWHG DQG GXULQJ WKLV WLPH D
QXPEHURISDFNHWVFDQEHORVW7KHUHVXOWVVKRZWKDWHYHQLQDVWDWLFVLWXDWLRQ
WKH SURWRFRO¶V SDFNHW GHOLYHU\ UDWLR ZDV  DOWKRXJK WKH RWKHU SURWRFROV¶












LV FDOOHG D VRXUFH LQLWLDWHG DSSURDFK DQG LI LW LV LQLWLDWHG E\ WKH PXOWLFDVW
UHFHLYHUV WKHQ LW EHORQJV WR WKH UHFHLYHU LQLWLDWHG W\SH2'053 '&03 DQG
$%$0 PXOWLFDVW URXWLQJ SURWRFROV DUH H[DPSOHV RI WKH VRXUFH LQLWLDWHG
DSSURDFK DQG ''0 :%0 DQG %(053 PXOWLFDVW URXWLQJ SURWRFROV DUH
H[DPSOHVRIWKHUHFHLYHULQLWLDWHGDSSURDFK
7RSRORJ\PDLQWHQDQFHFDWHJRULHV
0DLQWDLQLQJ WKH PXOWLFDVW JURXS WRSRORJ\ FDQ EH DFKLHYHG E\ WZR
GLIIHUHQW ZD\V HLWKHU E\ WKH VRIW VWDWH PHFKDQLVP RU E\ WKH KDUG VWDWH
PHFKDQLVP ,Q WKH VRIW VWDWHPHFKDQLVPQR VSHFLILF DFWLRQ KDV WR EH WDNHQ
ZKHQHYHU D OLQN EUHDNV LQVWHDG WKH SURWRFRO SHULRGLFDOO\ EURDGFDVWV FRQWURO
PHVVDJHVLQRUGHUWRNHHSDOOJURXSPHPEHUVFRQQHFWHG7KLVIORRGLQJRIWKH
FRQWURO SDFNHWV LQFUHDVHV WKH FRQWURO RYHUKHDG EXW WKH SDFNHW GHOLYHU\ UDWLR
LPSURYHV 2Q WKH RWKHU KDQG LQ WKH KDUG VWDWH PHFKDQLVP WKH SURWRFRO
H[HFXWHVDVSHFLILF SURFHGXUHZKHQHYHU D OLQNEUHDNV 7KLV W\SHRI SURWRFRO









SURWRFROV FDQ XVH SRVLWLRQ DQGPRELOLW\ LQIRUPDWLRQ LQ RUGHU WR LPSURYH WKHLU
SHUIRUPDQFH $Q H[DPSOH RI WKLV W\SH LV /RFDWLRQ*XLGHG 7UHH&RQVWUXFWLRQ
$OJRULWKPVIRU6PDOO*URXS0XOWLFDVW/*7>&KHQDQG1DKUVWHGW@
 /RFDWLRQ*XLGHG 7UHH &RQVWUXFWLRQ $OJRULWKPV IRU 6PDOO *URXS
0XOWLFDVW/*7
/RFDWLRQ *XLGHG 7UHH &RQVWUXFWLRQ $OJRULWKPV IRU 6PDOO *URXS
0XOWLFDVW LVDQ RYHUOD\PXOWLFDVW URXWLQJ SURWRFRODQG LW LVGHVLJQHG IRU VPDOO
JURXSVDQGLQWKLVSURWRFROWKHPXOWLFDVWGDWDSDFNHWVDUHHQFDSVXODWHGLQWRD
XQLFDVW SDFNHW DQG GHOLYHUHG WR WKH GHVWLQDWLRQ DPRQJ WKH PXOWLFDVW JURXS
PHPEHUV 7KLV SURWRFRO XVHV WKH SRVLWLRQ LQIRUPDWLRQ RI WKH PXOWLFDVW JURXS
PHPEHUV WR FUHDWH WKH PXOWLFDVW WUHH ZLWKRXW DQ\ LQIRUPDWLRQ DERXW WKH
QHWZRUN WRSRORJ\ 7ZR W\SHV RI WUHHV DUH FUHDWHG LQ WKLV SURWRFRO /RFDWLRQ





























6RXUFHWUHH+DUGVWDWH <HV <HV 1R
0=53 <HV 6RXUFH
LQLWLDWHG
6RXUFHWUHH+DUGVWDWH <HV <HV <HV
3/%0 1R 5HFHLYHU
LQLWLDWHG
6RXUFHWUHH+DUGVWDWH <HV <HV <HV
$05,6 <HV 6RXUFH
LQLWLDWHG
6KDUHGWUHH+DUGVWDWH <HV <HV <HV
2'053 <HV 6RXUFH
LQLWLDWHG
0HVK 6RIWVWDWH <HV <HV <HV
)*03 <HV 5HFHLYHU
LQLWLDWHG
0HVK 6RIWVWDWH <HV <HV <HV
1603 <HV 6RXUFH
LQLWLDWHG
0HVK 6RIWVWDWH <HV <HV <HV
''0 <HV 5HFHLYHU
LQLWLDWHG
6RXUFHWUHH6RIWVWDWH <HV 1R <HV
$%$0 <HV 6RXUFH
LQLWLDWHG




+\EULG +DUGVWDWH <HV 1R 1R
0$2'9 <HV 5HFHLYHU
LQLWLDWHG
6KDUHGWUHH+DUGVWDWH <HV <HV <HV
:%0 <HV 5HFHLYHU
LQLWLDWHG




+\EULG +DUGVWDWH 1R 1R <HV
'&03 <HV 6RXUFH
LQLWLDWHG




0HVK +DUGVWDWH <HV 1R 1R
&RQFOXVLRQ
FKLOGUHQQRGHVDQG WKH UHVWRI WKHJURXSPHPEHUVZLOO EHJURXSHG WR WKH.
GHVWLQDWLRQV7KHVHQGHUVHQGVWKHHQFDSVXODWHGSDFNHWWRLWV.FKLOGUHQZLWK
WKH VXE WUHH DV GHVWLQDWLRQ 7KLV SURFHVV ZLOO EH UHSHDWHG XQWLO WKH QRGHV
UHFHLYHDSDFNHWWKDWKDVDQHPSW\GHVWLQDWLRQ2QWKHRWKHUKDQGLQ/RFDWLRQ




DQG WKH PXOWLFDVW URXWLQJ SURWRFRO GHVLJQ LVVXHV DUH H[SORUHG LQFOXGLQJ WKH
UREXVWQHVV WKH HIILFLHQF\ WKH FRQWURO RYHUKHDG WKH GHSHQGHQF\ RQ XQLFDVW
SURWRFRODQGUHVRXUFHPDQDJHPHQW$FDWHJRUL]DWLRQRIWKHH[LVWLQJPHWKRGV
RI PXOWLFDVW URXWLQJ LQ PRELOH DG KRF QHWZRUNV LV JLYHQ LQFOXGLQJ WKH WUHH
EDVHG VWUDWHJLHV VRXUFH WUHH EDVHG VWUDWHJLHV DQG VKDUHG WUHH EDVHG
VWUDWHJLHV WKH PHVK EDVHG VWUDWHJLHV WKH K\EULG VWUDWHJLHV WKH VWDWHOHVV
EDVHG VWUDWHJLHV WKH WDEOH GULYHQ VWUDWHJLHV WKH RQ GHPDQG VWUDWHJLHV WKH
VHVVLRQ LQLWLDOL]DWLRQVWUDWHJLHV WKH WRSRORJ\PDLQWHQDQFHVWUDWHJLHVDQG WKH






QHWZRUN VL]H WKH SHUIRUPDQFH RI WKH QHWZRUN GHJUDGHV 7KLV W\SH RI URXWLQJ
SURWRFRO LVGHVLJQHG IRUVPDOOQHWZRUNV ,QK\EULGPHWKRGV URXWLQJSURWRFROV
FRPELQHWUHHDQGPHVKVWUDWHJLHV ,Q WKLV W\SHRIURXWLQJSURWRFRODVPRELOLW\
LQFUHDVHV D QRQ RSWLPDO WUHH ZLOO EH FUHDWHG DQG ORRSV ZLOO EH IRUPHG DQG
WKHUHIRUHWKHQHWZRUN¶VSHUIRUPDQFHGHJUDGHV
([LVWLQJVWXGLHVVKRZWKDWWKHPHVKEDVHGURXWLQJSURWRFROVRXWSHUIRUP
WKH WUHH EDVHG URXWLQJ LQPRELOH VLWXDWLRQV LQ WUHH EDVHG SURWRFROV LI D OLQN
EUHDNVWKHSDFNHWVPXVWEHGURSSHGRUEXIIHUHGXQWLOWKHOLQNLVUHFUHDWHGDQG
RQWKHRWKHUKDQGLQPHVKEDVHGURXWLQJSURWRFROVLIDOLQNEUHDNVWKHSDFNHW
FDQ WDNH D GLIIHUHQW URXWH WR WKH GHVWLQDWLRQ DV WKH EURNHQ URXWH EHLQJ
UHFUHDWHGDQGWKLVLVEHFDXVHRIWKHUHGXQGDQWURXWHVWKDWWKHPHVKSURYLGHV
,Q 3URDFWLYH VWUDWHJLHV WKH VWDWH LQIRUPDWLRQ LV FROOHFWHG DOO WKH WLPH
WKHUHIRUHURXWLQJSURWRFROVFUHDWHWDEOHVLQRUGHUWRVWRUHWKHURXWHLQIRUPDWLRQ
7KHGLVDGYDQWDJHLVWKDWDVWKHQHWZRUNVL]HLQFUHDVHVWKHVL]HRIWDEOHVDOVR
LQFUHDVHV DQG WKLV LQFUHDVHV WKH RYHUKHDG DQG DIIHFWV WKH EDQGZLGWK ,Q
UHDFWLYHVWUDWHJLHVURXWLQJSURWRFROVFROOHFWWKHURXWHLQIRUPDWLRQRQO\ZKHQLW




EDQGZLGWK LVXVHG 7KXV WKH UHDFWLYHVWUDWHJLHVDUHPRUH VXLWDEOH WRDG KRF
QHWZRUNVWKDQSURDFWLYHVWUDWHJLHV
7DEOH  VXPPDUL]HV NH\ FKDUDFWHULVWLFV DQG SURSHUWLHV RI PXOWLFDVW
URXWLQJSURWRFROV2'053UHTXLUHVSHULRGLFPHVVDJLQJMRLQUHTXHVWRQO\ZKHQ
VRXUFHVKDYHGDWDWRVHQGDQGRQWKHRWKHUKDQGLQURXWLQJSURWRFROVVXFKDV






0=53ZKHQD OLQNEUHDNV WKHSDFNHWVPXVWEHEXIIHUHGRUGURSSHGXQWLO WKH




ZLOO EH UHGXFHG2Q WKH RWKHU KDQG WKH KDUGVWDWHPHWKRG LVXVHG LQ URXWLQJ
SURWRFROV VXFK DV %(053 0=53 3/%0 $05,6 $%$0 0$2'9
$05287( DQG &$03 DQG LQ WKLV PHWKRG D VSHFLDO SURFHGXUH PXVW EH





WKDQ RQH WLPH2Q WKH RWKHU KDQG WKH ORRSV LQ$05287(ZDVWH WKH OLPLWHG
EDQGZLGWKDQGLQFUHDVHWKHFRQWURORYHUKHDG
2'053URXWLQJSURWRFRO LVDZHOONQRZQPXOWLFDVWURXWLQJSURWRFRODQG
LW LV D UHDFWLYH DQGPHVK EDVHG URXWLQJ SURWRFRO ([LVWLQJ VWXGLHV VKRZ WKDW












WKHP LV JRRG LQ DOO GLIIHUHQWVLWXDWLRQV([LVWLQJ URXWLQJ SURWRFROV VXIIHU IURP
RYHUKHDGSDFNHWFROOLVLRQVDQGVFDODELOLW\WKHUHIRUHDQHZSURWRFROLVQHHGHG
$V PHQWLRQHG LQ FKDSWHU  GHOLYHULQJ WKH SDFNHWV E\ XVLQJ PXOWLFDVW UDWKHU






UHDFWLYH VWUDWHJLHV DUH PRUH VXLWDEOH WR DG KRF QHWZRUNV WKDQ SURDFWLYH
VWUDWHJLHV WKHUHIRUH WKH QHZ URXWLQJ SURWRFRO LV D UHDFWLYH DQGPHVK EDVHG
URXWLQJ SURWRFRO  7KH QHZ URXWLQJ SURWRFRO ZLOO RYHUFRPH WKH H[LVWLQJ
GUDZEDFNV VXFK DV WKH SDFNHW RYHUKHDG WKH SDFNHW FROOLVLRQV DQG WKH
VFDODELOLW\E\FUHDWLQJRQHPXOWLFDVWPHVKIRUDOOJURXSVPHPEHUVUDWKHUWKDQ
EXLOGLQJ SHU VRXUFH PHVKHV $QG DOVR HDFK VRXUFH LQ WKH SUHYLRXV VWXGLHV
XVHV LWVRZQMRLQ UHTXHVWPHVVDJHDQG MRLQ UHSO\PHVVDJHDQGRQ WKHRWKHU
KDQGLQWKHQHZURXWLQJSURWRFRORQHMRLQUHTXHVWPHVVDJHDQGRQHMRLQUHSO\
PHVVDJH ZLOO EH EURDGFDVW IRU DOO JURXSV )LQHO\ RQH VHQGHU LV FKRVHQ WR
EHFRPHWKHRQO\VHQGHURIWKHPHVKLQWKHQHZURXWLQJSURWRFRO
,Q WKLV FKDSWHU WKH 1HWZRUN 6HQGHU 0XOWLFDVW 5RXWLQJ 3URWRFRO
16053 LV LQWURGXFHG D IXOO GHVFULSWLRQ RI WKH SURWRFRO LV JLYHQ LQFOXGLQJ
PXOWLFDVWURXWHFRQVWUXFWLRQDQGPDLQWHQDQFH7KHIRUPDWVRIWKH-RLQ5HTXHVW
3DFNHW WKH-RLQ5HSO\3DFNHW DQG WKH1HZ6RXUFH3DFNHW DUHGHVFULEHG LQ











XVLQJWKHPXOWLFDVWPHWKRG LQRUGHU WR IRUZDUGFRQWURODQGGDWDSDFNHWV7KH
QHZSURWRFRO LVEDVHGRQDPHVKVFKHPHUDWKHU WKDQD W\SLFDOPXOWLFDVW WUHH
EDVHG URXWLQJSURWRFRO ,Q WKHQHZSURWRFRODOOJURXS VVHQGHU VZLOOVHQG
WKHLU PXOWLFDVW GDWD SDFNHWV WR RQH FKRVHQ VHQGHU ZKLFK LV FDOOHG 0HVK















QHLJKERXUV VHW LQ RUGHU WR ILQG WKH YDOXH RI . ZKHUH .  
QXPEHUBRIBQHLJKERXUV  QXPEHUBRIBQHLJKERXU¶VB QHLJKERXUV :KHQ . LV
NQRZQ 06 VWDUWV FRQVWUXFWLQJ WKH PHVK E\ SHULRGLFDOO\ EURDGFDVWLQJ D MRLQ





-2,154 LW VHWV LWV06IODJ WR WUXH LQLWLDOL]HV WKHPHVVDJH
V WLPHU WR  DQG
VWRUHVWKHPHVVDJHLQLWVRZQPHPRU\7KHQRGHWKHQPDNHVDQHZFRS\RI





'XULQJDSHULRGRI WLPH LI WKHQRGHRYHUKHDUVDPHVVDJHZLWK LWVRZQ
DGGUHVV DVVLJQHG WR WKH VHFRQG XSVWUHDPQRGH DGGUHVV ZKLFKPHDQVQHZ
QRGHVLQWKHQHWZRUNQHHGWREHLQYLWHGWREHFRPHPHPEHUVRIWKHJURXSV
LW ZDLWV XQWLO D UHSO\ PHVVDJH -2,153 LV UHFHLYHG RWKHUZLVH D -2,1 53
PHVVDJHZLOOEHVHQWWRLWVXSVWUHDPQRGHVLQFHQRPRUHQHDUQHLJKERXUVDUH




PHPRU\ ZLWK WKH QHZ FRS\RI WKLVPHVVDJH DQG UHSO\ WR LWV XSVWUHDPQRGH
(YHQWXDOO\WKH-2,153PHVVDJHZLOOUHDFKWKH06DQGWKHPHVKZLOOEHEXLOW
0XOWLFDVW UHFHLYHUV XSGDWH D -2,1 53 PHVVDJH E\ DGGLQJ WKHLU RZQ




,Q UHFHLYLQJ WKH-2,153PHVVDJH IURP WKH GRZQVWUHDPQRGHRU E\




GDWDSDFNHWVGHVWLQHGWRPXOWLFDVWJURXSV LQ WKH IXWXUH-2,153PHVVDJH
ZLOOEHGURSSHGDQG WKH OLQNZLOO EHHOLPLQDWHG LI WKHJURXSDGGUHVV ILHOGZDV
HPSW\
ELWV
                               
























































WRQRGH$ WKHPHVVDJHZLOOKDYHQRGH$ LQ WKHQH[W ILHOGDQGJURXSLQ WKH
JURXSQDPHILHOGDVVKRZQLQ7DEOH7KH-2,153PHVVDJHIURP*5
ZLOOEHUHFHLYHGE\QRGH$DQG06DQGWKHUHSO\PHVVDJHZLOOKDYHQRGH06
LQ WKHQH[W ILHOGDQGJURXS LQ WKHJURXSQDPH ILHOGDVVKRZQ LQ7DEOH
:KHQQRGH$IRUZDUGVWKH-2,153PHVVDJHWKHJURXSQDPHILHOGZLOOKDYH





1RGH$UHFHLYHV WKUHH-2,153PHVVDJHVEXW LWZLOO IRUZDUGRQO\RQH
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SDFNHWVDUHQHHGHG WREHVHQW LQRUGHU WRUHFRQVWUXFW WKHEURNHQ OLQNV LQ WKH
QHWZRUN DQG WKLV LV FDOOHG ³VRIW VWDWH´ 7R UHSDLU WKH EURNHQ OLQNV WKH QHZ










7KH VHFRQG PHWKRG WKH QHZ SURWRFRO XVHV WR UHFRQVWUXFW WKH EURNHQ















VHQGV GDWDSDFNHWV WR LWV QHDUQHLJKERXUVDQGZKHQHYHU D QHLJKERXUQRGH
UHFHLYHVDQRQGXSOLFDWHGDWDSDFNHWLWFKHFNVWKHPHVVDJH¶VJURXSDGGUHVV
DQGLIWKLVQRGHEHORQJVWRWKLVJURXSDFRS\RIWKHPHVVDJHZLOOEHVWRUHGLQ
LWVPHPRU\7KHQRGH WKHQFKHFNV WKH-2,153PHVVDJHV LQ LWVPHPRU\WR
ILQGRXWZKLFKRILWVQHLJKERXUVWKLVPHVVDJHVKRXOGEHVHQWWR7KHPHVVDJH
ZLOO EH VHQW WR JURXSPHPEHUV DQG LQWHUPHGLDWH QRGHV WKDW ZLOO IRUZDUG WKH
PHVVDJHWRJURXSUHFHLYHUV
7KLV DFWLRQ ZLOO EH UHSHDWHG XQWLO WKH PHVVDJH UHDFKHV DOO JURXS
PHPEHUVLQWKHQHWZRUN
 0HVK6HQGHU UHHOHFWLRQ












QHZ PHFKDQLVP LV EDVHG RQ WKH QXPEHU RI . WKDW 06 DQG DOO VHQGHUV
FDOFXODWH :KHQHYHU 06 UHFHLYHV 16285&( PHVVDJHV LW FKRRVHV WKH



















H[LVWHQFH DQG WKHQ WKHVRXUFHVVWDUW VHQGLQJ WKHLUGDWD SDFNHWV WR WKHQHZ




D EDFNXS QRGH %DFNXS LQIRUPDWLRQ ZLOO EH SHULRGLFDOO\ VHQW WR WKH EDFNXS
QRGHDQG LI WKLV LQIRUPDWLRQ LVQRW UHFHLYHGZLWKLQDSUHGHWHUPLQHGSHULRGRI
WLPH WKH EDFNXSQRGHFKRRVHVRQH RI WKHVHQGHUV WR EHFRPH WKHQHZ06
7KH EDFNXS QRGH EURDGFDVWV D PHVVDJH DFURVV WKH QHWZRUN WR LQIRUP DOO
QRGHV DERXW WKH QHZ 06 DQG XSRQ UHFHLYLQJ WKLV PHVVDJH WKH QHZ 06
FKRRVHVLWVEDFNXSQRGHDQGVWDUWEURDGFDVWLQJ-2,154PHVVDJHV$QGWKH







LV XVHG DQG WKHUHIRUH QR DGGLWLRQDO FRQWURO SDFNHWV QHHG WR EH VHQW E\ DQ\
QRGHLQRUGHUWRMRLQRUOHDYHDJURXS,IDVRXUFHGHFLGHVWROHDYHDJURXSWKH
RQO\WKLQJLWZLOOGRLVVWRSVHQGLQJGDWDSDFNHWVDQGLIQRGHGHVLUHVWROHDYHD




$Q H[DPSOH RI0HVK FUHDWLRQ LV VKRZQ LQ )LJXUH 06EURDGFDVWV




DGGUHVVZLOOEHDGGHG WR WKH-2,153PHVVDJHDQGWKHQLWZLOOEHVHQW WR
06 1RGH $ QRGH % DQG 6* EURDGFDVW -2,1 54 PHVVDJHV WR WKHLU
QHLJKERXUV DQG ZDLW WR KHDU WKH QHLJKERXUV








JURXS LW UHSOLHV WR QRGH%ZLWKRXW DGGLQJDQ\ JURXS DGGUHVV1RGH%PXVW
ZDLWIRUD-2,153PHVVDJHIURPQRGH5*DQGQRGH5*DQGQRGH5









WKHDGGUHVVRIJURXS 1RGH$ UHSOLHV WR06ZLWK DPHVVDJH WKDW KDV WKH
DGGUHVVHVRIJURXSDQGJURXSDGGHGWRLW
:H FDQ QRWLFH WKDW QRGH % VWRUHV WKH 5* DGGUHVV WR EH DEOH WR
IRUZDUGGDWDSDFNHWVGHVWLQHGWRJURXSDQGQRGH$VWRUHVWKHDGGUHVVHVRI
5*DQG5*WREHDEOHWRIRUZDUGGDWDSDFNHWVGHVWLQHGWRJURXSDQG





D SDFNHW PRUH WKDQ RQH WLPH DQG ZKHQ WKH QRGHV NHHS IRUZDUGLQJ WKHVH
SDFNHWV ORRSV ZLOO RFFXU /RRSV LQFUHDVH WKH QXPEHU RI FRQWURO SDFNHWV DQG





:KHQDQRGH UHFHLYHVDSDFNHW WKHVHTXHQFHQXPEHURI WKHSDFNHWZLOO EH
VWRUHG LQ WKH QRGH¶V FDFKH DQG LI WKH VDPH SDFNHW LV UHFHLYHG DJDLQ LWV
VHTXHQFHQXPEHUZLOOEHFRPSDUHGZLWKWKHVHTXHQFHQXPEHUWKDWLVVWRUHGLQ




2QH RI WKHPDMRU GUDZEDFNV RIPDQ\ RI WKH H[LVWLQJ SURWRFROV LV WKDW
WKH\ DUH GHSHQGHQW RQ WKH XQLFDVW SURWRFROV VXFK DV $05RXWH DQG&$03
DQG VRPH RI WKHP UXQ RQ WRS RI SDUWLFXODU XQLFDVW URXWLQJ SURWRFRO VXFK DV
&$03 /$0 DQG 5%0 7KH QHZ SURWRFRO FDQ UXQ ZLWK DQ\ XQLFDVW URXWLQJ
SURWRFRODQGDOVRFDQUXQDVDXQLFDVWURXWLQJSURWRFRO
7KH3DUDPHWHU.
7KHYDOXH RI. LV FDOFXODWHG E\ HDFKVHQGHU DQG WKLVYDOXHJLYHV DQ












WKLVYDOXH WKH06SRVLWLRQZLOOEHQHDU WR WKHFHQWUHDQGLWZLOOEH WKHRQH
ZLWK KLJKHVW QXPEHU RI QHLJKERXUV DQG VLQFH WKH 06 GHSHQGV RQ LWV
QHLJKERXUVLQGHOLYHULQJWKHFRQWURODQGGDWDSDFNHWVDQGE\KDYLQJPRUH
QHLJKERXUV WKH QHWZRUN ORDG RQ HDFK OLQN ZLOO EH OLJKWHU DQG WKXV WKH
QHWZRUNORDGZLOOEHEDODQFHG 
· 5HGXFLQJWKHGLVWDQFHWRWKHGHVWLQDWLRQV
:KHQ WKH 06 LV SRVLWLRQHG QHDU WR WKH FHQWUH RI WKH QHWZRUN WKH






&RQJHVWLRQ LV RQH RI WKH PDMRU GUDZEDFNV RI PDQ\ RI WKH H[LVWLQJ
URXWLQJ SURWRFROV ,Q WKH QHZ SURWRFRO E\ LQFUHDVLQJ WKH QXPEHU RI





6RPH RI WKH PDLQ FKDUDFWHULVWLFV RI PRELOH DG KRF QHWZRUNV DUH WKH
OLPLWHGEDQGZLGWKDQGUHO\LQJRQEDWWHULHV,QWKHQHZSURWRFROE\XVLQJWKH
YDOXHRI. WKHQXPEHURIKRSV WKDWHDFKSDFNHWQHHGV LQRUGHU WRUHDFK
WKHGHVWLQDWLRQZLOOEHGHFUHDVHGDQGWKXVWKHEDQGZLGWKZLOOEHVDYHGDQG
WKHEDWWHU\SRZHUZLOOQRWEHZDVWHG%\GHFUHDVLQJWKHSDFNHWFRQJHVWLRQ






7KH QHZSURWRFRO LV DPHVK EDVHG SURWRFRO UDWKHU WKDQ D W\SLFDO WUHH
EDVHG SURWRFRO UHGXQGDQW URXWHV LQ WKH PHVK SURYLGH PXOWLSOH SDWKV WR D
GHVWLQDWLRQLQFDVHRIOLQNEUHDNV2QHRIWKHPDMRUGUDZEDFNVRIWKHH[LVWLQJ
PHVKEDVHGURXWLQJSURWRFROV LV WKDWE\LQFUHDVLQJ WKHQXPEHURIJURXSV WKH




LQFUHDVHV7KHUHIRUH WKHSDFNHWRYHUKHDG LQFUHDVHVDQG WKHSDFNHWGHOLYHU\
UDWLRGHFUHDVHV7KXVWKHH[LVWLQJURXWLQJSURWRFROVKDYHVFDODELOLW\SUREOHP
7KH QHZ SURWRFRO RYHUFRPHV WKLV SUREOHP E\ FRQVWUXFWLQJ RQO\ RQH
PHVK IRUDOO JURXSV DQG E\ LQFUHDVLQJ WKHQXPEHURI JURXSV WKH QXPEHURI
PHVKHVZLOOQRWLQFUHDVH6LQFHWKHUHLVRQO\RQHPHVKWKHUHGXQGDQWURXWHVLQ
WKLVPHVKVHUYHV DOO JURXSVPHPEHUV WKHSDFNHWFROOLVLRQZLOO EHHOLPLQDWHG







,Q WKH H[LVWLQJ URXWLQJ SURWRFROV HDFK VRXUFH EURDGFDVWV LWV RZQ MRLQ
UHTXHVWPHVVDJH DQG MRLQ UHSO\PHVVDJH DQG E\ LQFUHDVLQJ WKH QXPEHU RI
VRXUFHV RU JURXSV WKH QXPEHU RI FRQWUROPHVVDJHVZLOO EHPXOWLSOLHG E\ WKH
QXPEHURIVRXUFHVDQGWKHUHIRUHWKHFRQWURORYHUKHDGLQFUHDVHVVKDUSO\ZKHQ
WKHQXPEHU RI VRXUFHV RUJURXSV LQFUHDVH7KH QHZSURWRFRO XVHV RQO\RQH












WR PDNH VXUH WKDW LW KDV EHHQ GHOLYHUHG 7KH QHZ SURWRFRO HOLPLQDWHV WKH
DFNQRZOHGJPHQWSDFNHWE\XVLQJWKH³)LUVW8SVWUHDP1RGH$GGUHVV´ILHOGDQG
WKH³6HFRQG8SVWUHDP1RGH$GGUHVV´ ILOHG LQD MRLQ UHTXHVWSDFNHW:KHQD
QRGH UHFHLYHV D MRLQ UHTXHVW SDFNHW IURP DQ XSVWUHDP QRGH LW DVVLJQV WKH
IROORZLQJ YDOXHV VHFRQG XSVWUHDP QRGH DGGUHVV   ILUVW XSVWUHDP QRGH
DGGUHVVILUVWXSVWUHDPQRGHDGGUHVV LWVRZQDGGUHVVDQGUHEURDGFDVWVLW
WR LWVQHLJKERXUV:KHQWKHQRGHRYHUKHDUVDPHVVDJHZLWK LWVRZQDGGUHVV
DVVLJQHG WR WKH VHFRQG XSVWUHDP QRGH DGGUHVV ZKLFK PHDQV WKDW LWV
PHVVDJHKDVEHHQUHFHLYHGDQGUHEURDGFDVWHGE\WKHQHLJKERXUQRGH,WWKHQ
ZDLWV XQWLO D MRLQ UHSO\ PHVVDJH LV UHFHLYHG 7KLV LV FDOOHG D SDVVLYH
DFNQRZOHGJPHQW DQG E\ XVLQJ WKLV PHWKRG WKH QHZ SURWRFRO UHGXFHV WKH
QXPEHU RI FRQWURO SDFNHWV DQG WKXV WKH RYHUKHDG ZLOO EH UHGXFHG DQG WKH
OLPLWHG EDQGZLGWK ZLOO EH VDYHG 7KXV WKH HIILFLHQF\ DQG VFDODELOLW\ RI WKH
SURWRFROZLOOEHLPSURYHG
8VLQJWKHVKRUWHVWSDWK
'XH WR WKH DYDLODELOLW\ RI PXOWLSOH SDWKV LQ WKH PHVK WRSRORJ\ WKH
SDFNHWVFDQXVHORQJHUURXWHVLQWKHSUHVHQFHRIDVKRUWHURQHDQGWKLVKDVD





VKRUWHVWSDWK7KHKRSFRXQW LVDQ LQGLFDWLRQRI WKHQXPEHURI OLQNV WKDW WKLV
SDFNHW KDV WUDYHOHG VR IDU ZKLFK PHDQV WKH GLVWDQFH $QG E\ XVLQJ WKLV




QHZ SURWRFRO XVHV WKHPXOWLFDVWPHWKRG LQ RUGHU WR IRUZDUG SDFNHWV WR WKHLU
GHVWLQDWLRQ ,W LVD UHDFWLYHDQGPHVKEDVHGURXWLQJSURWRFRODQGRQHFHQWUDO
QRGHSURSDJDWHVRQHPHVVDJHWRDOOGLIIHUHQWJURXSVWRLQYLWHWKHPWRMRLQDQ\
JURXS LQ WKH QHWZRUN $OO VHQGHUV WKDW EHORQJ WR DOO JURXSV VHQG WKHLU GDWD
SDFNHWVWRWKLVFHQWUDOQRGHWREHIRUZDUGHGWRDOOJURXSVPHPEHUV
,Q WKLV FKDSWHU D GHWDLOHG GHVFULSWLRQ RI WKH SURSRVHG URXWLQJ SURWRFRO LV
SUHVHQWHGLQFOXGLQJPXOWLFDVWURXWHFRQVWUXFWLRQDQGPDLQWHQDQFHZLWKVXLWDEOH














,Q WKLV FKDSWHU WKH SHUIRUPDQFH RI WKH 1HWZRUN 6HQGHU 0XOWLFDVW
5RXWLQJ3URWRFRO16053LVHYDOXDWHGDQGFRPSDUHGWRWKH2'053URXWLQJ
SURWRFRO7KHHYDOXDWLRQPHWKRGDQGPHWULFVDUHLQWURGXFHGDQGWKHUHVXOWVRI








· ([SHULPHQWD ILQDOH[SHULPHQW LVSHUIRUPHGWRGHWHUPLQHWKH
UHOLDELOLW\RI16053
 0HWKRGRORJ\
,Q RUGHU WR HYDOXDWH WKH SHUIRUPDQFH RI WKH QHZ PXOWLFDVW URXWLQJ
SURWRFRO WKLVVWXG\ FRPSDUHV WKH16053 URXWLQJ SURWRFROZLWK WKH2'053




HW DO @ 2'053 VKRZV JRRG SHUIRUPDQFH HYHQ LQ KLJKO\ G\QDPLF
VLWXDWLRQV'XH WR WKHXVHRIDPHVK WRSRORJ\ LQ2'053 LW LV UREXVW WR OLQN
IDLOXUH>/HHHWDO@
7KH H[SHULPHQWV XVHG WKH *OR0R6LP VLPXODWRU >%DMDM HW DO 




GLVFUHWH HYHQWVLPXODWLRQ FDSDELOLW\ WKDW LV SURYLGHG E\3DUVHF*OR0R6LP LV
VXSSRUWHG E\PDQ\ SODWIRUPV DQG VHYHUDO SUHYLRXVVWXGLHV KDYH XVHG LW 7R
JXDUDQWHH D IDLU FRPSDULVRQ VHYHQ UXQV ZLWK GLIIHUHQW VHHG QXPEHUV ZHUH
FRQGXFWHGIRUHDFKVFHQDULRDQGFROOHFWHGGDWDZDVDYHUDJHGRYHUWKRVHUXQV
7KHUHIRUH HDFK GDWD SRLQW LQ WKH JUDSKV UHSUHVHQWV WKH DYHUDJH DFURVV WKH
QXPEHU RI UXQV $QG HDFK QXPEHU LQ WKH UHVXOWV WDEOHV LV URXQGHG WR WKUHH
GHFLPDOSODFHV
 *OR0R6LPVLPXODWRU
7KH *OR0R6LP */2EDO 02ELOH LQIRUPDWLRQ V\VWHP 6,0XODWRU LV D
VRIWZDUH WKDW VXSSRUWV VFDODEOH VLPXODWLRQV RI PDQ\ W\SHV RI ZLUHOHVV
SURWRFROV ,W LVGHVLJQHGXVLQJ WKHSDUDOOHOGLVFUHWHHYHQWVLPXODWLRQFDSDELOLW\
SURYLGHG E\ 3$56(& 3$5DOOHO 6LPXODWLRQ (QYLURQPHQW IRU &RPSOH[
6\VWHPV ,W LV D & EDVHG VLPXODWLRQ ODQJXDJH GHYHORSHG E\ WKH 3DUDOOHO
&RPSXWLQJ /DERUDWRU\ DW 8&/$ IRU VHTXHQWLDO DQG SDUDOOHO H[HFXWLRQ RI
GLVFUHWHHYHQWVLPXODWLRQPRGHO*OR0R6LPXVHVDOD\HUHGVWUXFWXUHVLPLODUWR
WKH 2SHQ 6\VWHPV ,QWHUFRQQHFWLRQ 26, VHYHQ OD\HU QHWZRUN VWDFN ZLWK
VWDQGDUG $SSOLFDWLRQ SURJUDPPLQJ LQWHUIDFHV $3,V IRU FRPSRVLWLRQ RI




DQG SURWRFROV DUH VXSSRUWHG DW GLIIHUHQW OD\HUV DQG LW KDV EXLOWLQ VWDWLVWLFV
FROOHFWLRQDWHDFKOD\HU*OR0R6LPLVDVFDODEOHVLPXODWRUDQGKDVFDSDELOLWLHV







 0XOWLFDVWLQJ 2'053 '9053 &$03 $05,6 $05RXWH $67 &$03
$05,6$05RXWH$67









*OR0R6LPKDV D OD\HUHG VWUXFWXUH DQG WKHZKROH VLPXODWRU KDV EHHQ
EXLOW VXFK WKDW HDFK OD\HU KDQGOHV RQH DVSHFW RI WKH VLPXODWLRQ $QG WKH
VLPXODWRU DOORZV XVHUV WR VHW YDULRXV SDUDPHWHUV UHODWLQJ WR WKH VLPXODWLRQ
HQYLURQPHQW
7KHVH OD\HUV LQWHUDFW ZLWK RQH DQRWKHU LQ RUGHU WR SURGXFH WKH















































7KHVWUXFWXUHRI WKHQHZVLPXODWLRQFRGH LVEULHIO\GHVFULEHGXVLQJ WKH
IROORZLQJIORZFKDUWZKLFKLQFOXGHVHLJKWHHQILJXUHV7KHUHVWRIWKHIORZFKDUWLV
LQ$SSHQGL[%7KHFUHDWLRQDQGLQLWLDOL]DWLRQRIHDFKQRGHLVVKRZQLQ)LJXUH
















RQH VHQGHU $QG VLQFH 2'053 VLPXODWLRQ FRGH FRPHV ZLWK *ORPRVLP
VLPXODWRU DQG LWV UHVXOWV DUH ZLGHO\ DFFHSWHG LQ WKH SUHYLRXV OLWHUDWXUH DQG





PHWULFV WR WKRVH XVHG LQ SUHYLRXV VWXGLHV DQG JLYHQ E\ WKH ,(7) 0$1(7
ZRUNLQJJURXSIRUURXWLQJPXOWLFDVWSURWRFROHYDOXDWLRQ
 3DFNHWGHOLYHU\UDWLRUDWLRRISDFNHWVDFWXDOO\GHOLYHUHGYVWKHDPRXQW
RI SDFNHWV VXSSRVHG WR EH GHOLYHUHG WKLV YDOXH LQGLFDWHV WKH
HIIHFWLYHQHVVRIWKHSURWRFRO
 'DWD SDFNHW RYHUKHDG QXPEHU RI GDWD SDFNHWV WUDQVPLWWHG SHU GDWD
SDFNHW GHOLYHUHG 'DWD SDFNHWV WUDQVPLWWHG LV WKH FRXQW RI HYHU\





 5RXWLQJ RYHUKHDG RU &RQWURO SDFNHW RYHUKHDG 1XPEHU RI FRQWURO


































VSHHG FKRVHQ EHWZHHQ WKH PLQLPXP DQG PD[LPXP VSHHG PHWUHVHF
:KHQWKHGHVWLQDWLRQ LVUHDFKHG WKHQRGHVWD\V WKHUH IRU WKHSDXVHWLPH
SHULRG
 7KHWUDIILFW\SH&%5




















,Q RUGHU WR FRPSDUH WKH SHUIRUPDQFH RI WKH WZR URXWLQJ SURWRFROV
16053 DQG 2'053 LQ WKH ILUVW H[SHULPHQW WKH QXPEHU RI VHQGHUV DQG
JURXSVZDVYDULHGHDFKVHQGHUEHORQJVWRDGLIIHUHQWJURXSWRLQYHVWLJDWHWKH
SURWRFRO¶VVFDODELOLW\







UDWLR GHFUHDVHV IRU WKH 2'053 SURWRFRO DQG LQFUHDVHV IRU WKH 16053
SURWRFRO $V WKH QXPEHU RI JURXSV DQG QXPEHU RI VHQGHUV LQFUHDVHV LQ
2'053 WKH QXPEHU RI -2,154 PHVVDJHV LQFUHDVHV DQG WKH QXPEHU RI
-2,153PHVVDJHV DOVR LQFUHDVHV DFFRUGLQJO\ 7KLV FDXVHV WKH QXPEHU RI
GURSSHG SDFNHWV WR LQFUHDVH GXH WR FROOLVLRQV DQG WKXV SDFNHW GHOLYHU\ UDWLR

























DQG FDXVHV FROOLVLRQ ,Q 16053 VLQFH WKH VDPH -2,154 PHVVDJH LV
SURSDJDWHGWRDOOJURXSVPHPEHUVDQGRQHPHVKLVFUHDWHGIRUDOOJURXSVDOO
JURXSV PHPEHUV FRRSHUDWH WRJHWKHU WR GHOLYHU GDWD SDFNHWV WR WKHLU
GHVWLQDWLRQ %\ LQFUHDVLQJ WKH QXPEHU RI JURXSV PRUH QRGHV ZLOO KHOS WR
GHOLYHU WKH GDWD SDFNHWV DQG WKXV SDFNHW GHOLYHU\ UDWLR ZLOO LQFUHDVH 7KH
SDFNHW GHOLYHU\ UDWLR GLIIHUHQFH EHWZHHQ WKH WZR SURWRFROV LV  ZKHQ WKH
QXPEHU RI JURXSV LV WZR DQG WKH GLIIHUHQFH LQFUHDVHG WR  ZKHQ WKH
QXPEHURIJURXSVDQGVHQGHUVEHFDPHHOHYHQ
)LJXUH3DFNHW'HOLYHU\5DWLRIRUYDULRXVQXPEHURIJURXSV
          
16053           

























          
16053           
2'053           
7DEOH'DWD3DFNHW2YHUKHDGIRUYDULRXVQXPEHURIJURXSV
)LJXUHV  WR  VKRZ WKH VWDELOLW\ DQG UREXVWQHVV RI WKH 16053













HDFK GDWD SDFNHW GHOLYHUHG DQG WKH QXPEHU RI FRQWURO SDFNHWV DQG GDWD
SDFNHWVWUDQVPLWWHGIRUHDFKGDWDSDFNHWGHOLYHUHGUHVSHFWLYHO\)RU2'053
WKHQXPEHURIFRQWUROSDFNHWV LQFUHDVHVDV WKHQXPEHURIJURXSV LQFUHDVHV
DQG WKLVLVEHFDXVH2'053EXLOGVSHUVRXUFHPHVKHVDQGVLQFHHDFKPHVK
KDV LWV RZQ FRQWURO SDFNHWV WKLV QXPEHU ZLOO LQFUHDVH E\ LQFUHDVLQJ WKH
QXPEHU RI PHVKHV 16053 EXLOGV RQH PHVK IRU DOO JURXSV DQG ZKHQ WKH
QXPEHURI JURXSV LQFUHDVHV WKHVDPH FRQWURO SDFNHWVZLOO EH XVHGE\PRUH


































          
16053           








































          
16053           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          
16053           
2'053           
7DEOH7RWDO&ROOLVLRQVIRUYDULRXVQXPEHURIJURXSV
&RQFOXVLRQ





GHFUHDVHG VKDUSO\ IRU 2'053 7KH GDWD SDFNHW RYHUKHDG FRQWURO SDFNHW
RYHUKHDGWKHHIILFLHQF\LQWHUPVRIWKHQHWZRUNFKDQQHODFFHVVDQGWRWDOWKH





3DFNHW GHOLYHU\ UDWLR 'DWD SDFNHW RYHUKHDG &RQWURO SDFNHW RYHUKHDG WKH
HIILFLHQF\ LQ WHUPV RI WKH QHWZRUN FKDQQHO DFFHVV DQG WRWDO WKH QXPEHU RI




PHWUH DUHD 7KHQRGHSODFHPHQWZDV XQLIRUP DQG WKH VLPXODWLRQ WLPHZDV
VHFRQGV7KHEDQGZLGWKXVHGLQWKLVVLPXODWLRQZDV0ESVDQGWKHUDGLR




,(((7KH QXPEHU RIJURXSVXVHG LQ WKHVLPXODWRUZDV IRXU DQG WKH
QXPEHURIVHQGHUVZDVDOVRIRXUVHQGHUV7KHWUDIILFW\SHZDVFRQVWDQWELWUDWH
&%5SURWRFRO(YHU\QRGH-RLQV LWVJURXSDW WKHVWDUWRI WKHVLPXODWLRQDQG



























QHWZRUN WRSRORJ\FKDQJHVPRUH IUHTXHQWO\DQG LQRUGHU WR UHSDLU WKHEURNHQ
OLQNV 2'053 UHFRQVWUXFWV D PHVK IRU HDFK VRXUFH DQG WKHUHIRUH  PRUH
FRQWURO SDFNHWV ZLOO EH EURDGFDVWHG DV VKRZQ LQ )LJXUH  DQG WKXV WKH
QXPEHURIFROOLVLRQVLQFUHDVHVDVVKRZQLQ)LJXUH16053RXWSHUIRUPV
2'053LQDOOFDVHV ,Q3DFNHW'HOLYHU\5DWLR WHUPVDVVKRZQ LQ)LJXUH
16053RXWSHUIRUPV2'053E\DQGWKLVLVEHFDXVHFKRRVLQJWKH06WR




WKXV WKHQXPEHURIFRQWUROSDFNHWVZLOOEH ORZDQG WKHSURWRFROSHUIRUPDQFH
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LQYHVWLJDWH WKH HIIHFWLYHQHVV DQG UREXVWQHVV RI ERWK URXWLQJ SURWRFROV 7KH
UHVXOWV VKRZ WKDW WKH SURSRVHG URXWLQJ SURWRFRO RXWSHUIRUPV 2'053 LQ DOO
FDVHV %\ LQFUHDVLQJ WKH PRELOLW\ VSHHG WKH SDFNHW FROOLVLRQ LQFUHDVHV IRU









HIILFLHQF\ LQ WHUPV RI WKH QHWZRUN FKDQQHO DFFHVV DQG WKH WRWDO QXPEHU RI
SDFNHWFROOLVLRQV7KHQXPEHURIVHQGHUVLVYDULHG LQRUGHU WRLQYHVWLJDWH WKH
VFDODELOLW\RIERWKURXWLQJSURWRFROV
6LPXODWLRQPRGHO
7KH QHWZRUN VLPXODWLRQ FRQVLVWHG RI  QRGHV 7KH QRGHSODFHPHQW
ZDVXQLIRUP7KHEDQGZLGWKXVHGLQWKLVVLPXODWLRQZDV0ESVDQGWKHUDGLR
SURSDJDWLRQ UDQJHZDVPHWUHV1RGHVSHHGZDVPVHF 7KH W\SHRI
PRELOLW\ ZDV 5DQGRP:D\SRLQW 7KH 0$& SURWRFRO ZDV ,(((  7KH
VLPXODWRUXVHGDQXPEHURIVHQGHUVIURPWR7KHWUDIILFW\SHZDVFRQVWDQW
ELWUDWH&%5SURWRFRO(YHU\QRGH-RLQVLWVJURXSDWWKHVWDUWRIWKHVLPXODWLRQ



















WKH 2'053 URXWLQJ SURWRFRO WKH QXPEHU RI VHQGHUV LV YDULHG IURP  WR 
VHQGHUV %\ LQFUHDVLQJ WKH QXPEHU RI VHQGHUV WKH SDFNHW GHOLYHU\ UDWLR
LQFUHDVHV IRU WKH 16053 URXWLQJ SURWRFRO DQG GHFUHDVHV IRU WKH 2'053
URXWLQJSURWRFRODVVKRZQLQ)LJXUHDQG7DEOH:KHQWKHQXPEHURI
VHQGHUV LV RQH ERWK URXWLQJ SURWRFROV KDYH WKH VDPH SHUIRUPDQFH WKLV LV





ZKHQ WKHQXPEHURIVHQGHUVEHFDPHHLJKW\ WKLV LVEHFDXVH2'053EXLOGV
SHUVRXUFHPHVKHVDQGE\LQFUHDVLQJWKH
QXPEHU RI VHQGHUV WKH QXPEHU RI PHVKHV LQFUHDVHV DFFRUGLQJO\ DQG VLQFH
HDFKPXOWLFDVWPHVKKDV LWVRZQ MRLQ UHTXHVWSDFNHWVDQG MRLQ UHSO\SDFNHWV
WKHPHVKHVZLOOFRPSHWHIRUWKHUDGLRFKDQQHODQGWKLVFDXVHVWUDIILFMDPDQG
SDFNHWV ORVVGXH WRFROOLVLRQDQG WKXV WKHSDFNHWGHOLYHU\UDWLRZLOOGHFUHDVH
IRU2'053DVWKHQXPEHURIVHQGHUVLQFUHDVHV
2Q WKHRWKHU KDQG16053EXLOGV RQHPXOWLFDVWPHVK IRU DOO VHQGHUV
DQGXVHVRQHMRLQUHTXHVWSDFNHWDQGRQHMRLQUHSO\SDFNHWIRUDOOVHQGHUVDQG
E\LQFUHDVLQJ WKHQXPEHURIVHQGHUV WKHQXPEHURIPHVKHVZLOOQRW LQFUHDVH
DQG WKH QXPEHU RI MRLQ UHTXHVW SDFNHWV DQG MRLQ UHSO\ SDFNHWV ZLOO VWD\ WKH
VDPH7KHSDFNHWGHOLYHU\UDWLRZLOOLQFUHDVHIRUWKH16053ZKHQWKHQXPEHU
RI VHQGHUV LQFUHDVHV DQG WKLV LV EHFDXVH WKH PHVK DQG WKH MRLQ UHTXHVW
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GDWDSDFNHWGHOLYHUHG7KLVFRXQW LQFOXGHV WUDQVPLVVLRQVRISDFNHWV WKDWDUH
GURSSHGDQGUHWUDQVPLWWHGE\LQWHUPHGLDWHQRGHV7KHGDWDSDFNHWRYHUKHDG
GLIIHUHQFHEHWZHHQWKH WZRSURWRFROV LVZKHQWKHQXPEHURIVHQGHUV LV WHQ
DQG WKH GLIIHUHQFH LQFUHDVHG WR  ZKHQ WKH QXPEHU RI VHQGHUV EHFDPH
HLJKW\ $V WKH QXPEHU RI VHQGHUV LQFUHDVHV WKH GDWD SDFNHW RYHUKHDG
LQFUHDVHV IRU WKH 2'053 URXWLQJ SURWRFRO DQG UHPDLQV WKH VDPH IRU WKH
16053 URXWLQJ SURWRFRO $QG WKLV LV EHFDXVH E\ LQFUHDVLQJ WKH QXPEHU RI
VHQGHUVIRU2'053WKHQXPEHURIPHVKHVZLOOLQFUHDVHDQGWKHQHWZRUNORDG
ZLOO LQFUHDVH DFFRUGLQJO\ DQG WKHUHIRUH WKH SDFNHWV ORVV LQFUHDVHV 7KH
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WHUPVRI WKHFRQWUROSDFNHWRYHUKHDG 1XPEHURIFRQWUROSDFNHWV WUDQVPLWWHG
SHUGDWDSDFNHWGHOLYHUHG$VWKHQXPEHURIVHQGHUVLQFUHDVHVWKH&RQWURO
SDFNHW RYHUKHDG LQFUHDVHV VKDUSO\ IRU WKH 2'053 URXWLQJ SURWRFRO DQG
UHPDLQV WKH VDPH IRU WKH 16053 URXWLQJ SURWRFRO 7KH FRQWURO SDFNHW
RYHUKHDG GLIIHUHQFH EHWZHHQ WKH WZR SURWRFROV LV  ZKHQ WKH QXPEHU RI
VHQGHUV LV WHQ DQG WKH GLIIHUHQFH LQFUHDVHG WR  ZKHQ WKH QXPEHU RI





































FRQWURO SDFNHWV LQFUHDVHV DQG WKXV WKH FRQWURO SDFNHW RYHUKHDG LQFUHDVHV
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QXPEHU RI VHQGHUV LV WHQ DQG WKH GLIIHUHQFH LQFUHDVHG WR  ZKHQ WKH
QXPEHURI VHQGHUVEHFDPHHLJKW\$V WKHQXPEHURI VHQGHUV LQFUHDVHV WKLV
YDOXH LQFUHDVHVVKDUSO\ IRU WKH2'053URXWLQJSURWRFRODQGVWD\V WKHVDPH
IRU WKH16053URXWLQJSURWRFRO7KH2'053URXWLQJSURWRFROFRQVWUXFWVSHU
VRXUFH PHVKHV DQG HDFK PHVK XVHV LWV RZQ FRQWURO SDFNHWV WKHUHIRUH E\
LQFUHDVLQJWKHQXPEHURIVRXUFHVWKHQXPEHURIFRQWUROSDFNHWVLQFUHDVHVDQG




VHQGHUV DV WKH QXPEHU RI VHQGHUV LQFUHDVHV PRUH GDWD SDFNHWV ZLOO EH
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7DEOH)RUZDUGLQJHIILFLHQF\IRUYDULRXVQXPEHURIVHQGHUV
)LJXUHDQG7DEOHVKRZWKHHIIHFWVRILQFUHDVLQJWKHQXPEHURI

























QXPEHU RI PHVKHV DQG WKH QXPEHU RI FRQWURO SDFNHWV LQFUHDVH DQG WKHVH
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&RQFOXVLRQ
,Q WKLVH[SHULPHQW WKH QXPEHU RIVHQGHUV ZDVYDULHG IURP WR  WR
LQYHVWLJDWH WKHVFDODELOLW\RIERWKURXWLQJSURWRFROV%\ LQFUHDVLQJ WKHQXPEHU












URXWLQJSURWRFRO LQ WHUPVRI WKH3DFNHWGHOLYHU\ UDWLR'DWDSDFNHWRYHUKHDG
&RQWURO SDFNHW RYHUKHDG WKH HIILFLHQF\ LQ WHUPV RI WKH QHWZRUN FKDQQHO
DFFHVVDQG WKH WRWDOQXPEHURISDFNHWFROOLVLRQV7KHQXPEHURIJURXSV WKH
SDXVH WLPH DQG SURSDJDWLRQ UDQJHV DUH YDULHG LQ RUGHU WR LQYHVWLJDWH WKH
UHOLDELOLW\DQGWKHVFDODELOLW\RIWKH16053URXWLQJSURWRFRO
6LPXODWLRQPRGHO




























,QRUGHU WR LQYHVWLJDWH WKH UHOLDELOLW\SHUIRUPDQFHDQGVFDODELOLW\RI WKH
16053 URXWLQJ SURWRFRO WKH QXPEHURI SDXVH WLPHV IRU GLIIHUHQW QXPEHURI





























QXPEHUV RI JURXSV LV VWXGLHG$VVKRZQ LQ)LJXUHV   DQG  WKH
SDFNHW GHOLYHU\ UDWLR LQFUHDVHV DV WKH QXPEHU RI JURXSV LQFUHDVHV 7KLV LV
EHFDXVH16053EURDGFDVWVRQH LQYLWDWLRQPHVVDJH WRDOO JURXSVPHPEHUV
DQGE\LQFUHDVLQJWKHQXPEHURIJURXSVWKHPHVVDJHZLOOEHXWLOL]HGE\PRUH
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7DEOH3DFNHW'HOLYHU\5DWLRIRUYDULRXVQXPEHURISDXVHWLPHVHF
DQGWKHWUDQVLWLRQUDQJHLVP
%\ LQFUHDVLQJ WKH WUDQVPLVVLRQ UDQJH WR P DQG P DV VKRZQ LQ
ILJXUHV  DQG  UHVSHFWLYHO\ WKH SDFNHW GHOLYHU\ UDWLR IRU DOO JURXSV
LQFUHDVHV$VWKHWUDQVPLVVLRQUDQJHLQFUHDVHVWKHQXPEHURIQHLJKERXUVWKDW




PHVK IRUDOO JURXSV¶PHPEHUVDQG E\ LQFUHDVLQJ WKHQXPEHU RI JURXSV WKH
QXPEHURIPXOWLFDVWPHVKPHPEHUVLQFUHDVHVDQGWKHUHIRUHPRUHUHGXQGDQW
OLQNV DUH FUHDWHG DQG WKDW SUHYHQWV SHUIRUPDQFH GHJUDGDWLRQ ZKHQ WKH































:KHQPRELOLW\ VSHHG LQFUHDVHV ZLWK OHVV SDXVH WLPH 16053 VKRZV JRRG
SHUIRUPDQFHDVLOOXVWUDWHGLQ)LJXUHV±DQGDOVRDORZHURYHUKHDGDV
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7DEOH&RQWUROSDFNHWRYHUKHDGIRUYDULRXVQXPEHURISDXVHWLPH
VHFDQGWKHWUDQVLWLRQUDQJHLVP
7KH FRQWURO SDFNHW RYHUKHDG GHFUHDVHV ZKHQ WKH QXPEHU RI JURXSV
LQFUHDVHV DV VKRZQ LQ )LJXUH  DQG 7DEOH  7KH 16053 URXWLQJ
SURWRFRO FRQVWUXFWV RQH PHVK DQG XVHV WKH VDPH FRQWURO SDFNHWV IRU DOO








VFDODELOLW\RI WKH16053 URXWLQJ SURWRFRO7KH H[SHULPHQWZDV LPSOHPHQWHG
XVLQJ WKUHHGLIIHUHQW SURSDJDWLRQ UDQJHV DQGP 7KH UHVXOWV
VKRZ WKDW E\ LQFUHDVLQJ WKH QXPEHU RI JURXSV WKH SDFNHW GHOLYHU\ UDWLR
LQFUHDVHVDQGWKHRYHUKHDGGHFUHDVHV$VPRELOLW\VSHHGLQFUHDVHVZLWKOHVV
SDXVH WLPH WKH SHUIRUPDQFH RI 16053 LPSURYHV 16053 VKRZV JRRG
SHUIRUPDQFHXQGHUDOOVFHQDULRVWKXV16053LVDUHOLDEOHURXWLQJSURWRFRO
2YHUDOO FRQFOXVLRQ
7KLV FKDSWHU VWXGLHG WKH HIIHFW RI PRELOLW\ DQG WKH LQFUHDVH RI WKH
QXPEHURIJURXSVDQGVHQGHUVRQWKHUHOLDELOLW\VFDODELOLW\DQGUREXVWQHVVRI
WKH 1HWZRUN 6HQGHU 0XOWLFDVW 5RXWLQJ 3URWRFRO LQ WHUPV RI WKH GDWD SDFNHW
GHOLYHU\ UDWLR WKH FRQWURO SDFNHW RYHUKHDG WKH HIILFLHQF\ LQ WHUPV RI WKH
QHWZRUN FKDQQHO DFFHVV DQG WKH WRWDO QXPEHU RI SDFNHW FROOLVLRQV 16053
ZDVLPSOHPHQWHGDQGVLPXODWHGE\WKH*OR0R6LPVLPXODWRUDQGFRPSDUHGWR








UREXVWQHVV WR WKHQXPEHU RIJURXSV DQGVHQGHUV DQG LWVSHUIRUPDQFHHYHQ







7KH PDLQ DLP RI WKLV UHVHDUFK KDV EHHQ WR GHYHORS D QHZ PXOWLFDVW
URXWLQJ SURWRFRO IRUPRELOHDG KRF QHWZRUNV XVLQJPHVK WRSRORJ\ WR IRUZDUG
FRQWURODQGGDWDSDFNHWVEHWZHHQVHQGHUVDQGUHFHLYHUVWRUHGXFHRYHUKHDG
DQGFROOLVLRQVDQGWRLPSURYHSDFNHWGHOLYHU\ UDWLRDQGVFDODELOLW\ ,QRUGHU WR






,Q FKDSWHU  WKH ZLUHOHVV QHWZRUNV DQG WKHLU PDMRU W\SHV DUH
KLJKOLJKWHG 7KH W\SHV RI DG KRF QHWZRUNV DUH JLYHQZLWK WKH FKDOOHQJHV
WKDWIDFHWKHGHVLJQRIDQHIILFLHQWURXWLQJSURWRFROIRU0$1(77KHXQLFDVW
URXWLQJ PHWKRGV DUH GHVFULEHG LQFOXGLQJ WKH URXWH FRQVWUXFWLRQ EDVHG
VWUDWHJLHV SURDFWLYH URXWLQJ VWUDWHJLHV UHDFWLYH URXWLQJ VWUDWHJLHV DQG
+\EULG URXWLQJ VWUDWHJLHV KLHUDUFKLFDO URXWLQJ VWUDWHJLHV SRVLWLRQ EDVHG
PHWKRGVDQGURXWLQJE\IORRGLQJ7KHW\SHVRISURDFWLYHURXWLQJSURWRFROV




WKH PRVW LPSRUWDQW LVVXHV WKDW DUH QHHGHG WR EH FRQVLGHUHG ZKLOH
GHVLJQLQJ D URXWLQJ SURWRFRO IRU PRELOH DG KRF QHWZRUNV DUH JLYHQ 7KH
FODVVHV RIPXOWLFDVW URXWLQJPHWKRGV DUH UHYLHZHG LQFOXGLQJ WKH ORFDWLRQ
EDVHG FDWHJRU\ WKH WRSRORJ\ PDLQWHQDQFH FDWHJRULHV DQG WKH VHVVLRQ




RQGHPDQG VWUDWHJLHV7KH URXWHFRQVWUXFWLRQ EDVHG W\SHVDUH SUHVHQWHG
LQFOXGLQJ WKH PHVK EDVHG VWUDWHJLHV K\EULG EDVHG VWUDWHJLHV VWDWHOHVV
EDVHG VWUDWHJLHV DQG WKH WUHH EDVHG VWUDWHJLHV WKH VRXUFH WUHH EDVHG
PXOWLFDVW URXWLQJ SURWRFROV DQG WKH VKDUHG WUHH EDVHG PXOWLFDVW URXWLQJ
SURWRFROV
(DFK RI WKHVH PHWKRGV PHQWLRQHG LQ FKDSWHU  DQG FKDSWHU  LV
GLVFXVVHG LQ GHWDLO E\ H[SORULQJ WKHLU PHFKDQLVPV DGYDQWDJHV DQG
GLVDGYDQWDJHVZLWKVXLWDEOHH[DPSOHV
,Q PXOWLFDVWLQJ RQHFRS\ RI WKHPHVVDJHZLOO EH VHQW WR DOO UHFHLYHUV















URXWLQJ SURWRFRO GHVLJQ FKDUDFWHULVWLFV DGYDQWDJHV DQG GLVDGYDQWDJHV
DUH LQYHVWLJDWHG $ FRPSDULVRQ EHWZHHQ WKH EHVW PXOWLFDVW URXWLQJ
SURWRFROV LV JLYHQ $V PHQWLRQHG DERYH PHVK UHDFWLYH DQG PXOWLFDVW
EDVHG URXWLQJ SURWRFROV VKRZ D EHWWHU SHUIRUPDQFH WKDQ WUHH SURDFWLYH
DQG XQLFDVW EDVHG URXWLQJ SURWRFROV WKH 2'053 URXWLQJ SURWRFRO LV D
PHVKUHDFWLYHDQGPXOWLFDVWEDVHGURXWLQJSURWRFRODQGVWXGLHVVKRZWKDW
2'053 RXWSHUIRUPV DOO RWKHU FXUUHQWO\ DYDLODEOH SURWRFROV IRU PXOWLFDVW
URXWLQJ LQ PRELOH DG KRF QHWZRUNV WKH 2'053 URXWLQJ SURWRFRO VXIIHUV













PHVK VHQGHU 06 E\ FKRRVLQJ WKH VHQGHU WKDW LV ORFDWHG LQ WKH PRVW
FURZGHG DUHD DQG FORVHU WR WKH FHQWUH RI WKH QHWZRUN 7KH 06 UHFHLYHV
FRQWURO DQG GDWD SDFNHWV IURPDOO VHQGHUV WKDW EHORQJ WR DOO JURXSV DQG
IRUZDUGVLWWRWKHHQWLUHQHWZRUN
,Q RUGHU WR FUHDWH WKH PXOWLFDVW PHVK WKH 06 QRGH SHULRGLFDOO\
EURDGFDVWVD MRLQ UHTXHVWPHVVDJH WR LWV QHDUQHLJKERXUV7KHPHVVDJH










DVVLJQHG WR WKHVHFRQGXSVWUHDPQRGHDGGUHVV LWZDLWVXQWLO D MRLQ UHSO\
SDFNHWLVUHFHLYHGRWKHUZLVHDMRLQUHSO\SDFNHWZLOOEHVHQWWRLWVXSVWUHDP
QRGH
,I DQ\ QRGH UHFHLYHV D QRQ GXSOLFDWH MRLQ UHSO\ SDFNHW LW VWRUHV WKH
SDFNHWDQG UHSOLHV WR LWVXSVWUHDPQRGH(YHQWXDOO\ WKH MRLQ UHSO\SDFNHW
ZLOOUHDFKWKH06DQGWKHPHVKZLOOEHFUHDWHG0XOWLFDVWUHFHLYHUVXSGDWH
D MRLQ UHSO\ SDFNHW E\ DGGLQJ WKHLU RZQ JURXSV DGGUHVVV EHIRUH WKH




,Q FKDSWHU  WKH 1HWZRUN 6HQGHU 0XOWLFDVW 5RXWLQJ 3URWRFRO LV
LPSOHPHQWHG DQG HYDOXDWHG XVLQJ *OR0R6LP VLPXODWRU 7KH
H[SHULPHQWV ZHUH SHUIRUPHG WR GHWHUPLQH WKH HIIHFWV RI FKDQJLQJ WKH
QXPEHURIVHQGHUVQXPEHURIJURXSVDQGWKHHIIHFWVRIFKDQJLQJWKH







7KH2'053PXOWLFDVW URXWLQJ SURWRFRO RXWSHUIRUPV DOO RWKHUFXUUHQWO\
DYDLODEOH SURWRFROV IRU PXOWLFDVW URXWLQJ LQ PRELOH DG KRF QHWZRUNV
7KHUHIRUHWKH1HWZRUN6HQGHU0XOWLFDVW5RXWLQJ3URWRFROLVFRPSDUHGZLWK
2'053 LQ FKDSWHU  7KH FRPSDULVRQ ZDV SHUIRUPHG WR GHWHUPLQH WKH
HIIHFWV RI LQFUHDVLQJ WKH PRELOLW\ VSHHG WKH QXPEHU RI JURXSV DQG WKH
QXPEHURIVHQGHUVRQWKH16053URXWLQJSURWRFRODQGWKH2'053URXWLQJ
SURWRFRO LQ WHUPV RI WKH 3DFNHW GHOLYHU\ UDWLR 'DWD SDFNHW RYHUKHDG
&RQWURO SDFNHW RYHUKHDG WKH HIILFLHQF\ LQ WHUPV RI WKH QHWZRUN FKDQQHO
DFFHVVDQGWRWDOWKHQXPEHURISDFNHWFROOLVLRQV






1RGHV LQPRELOH DG KRF QHWZRUNVDUH IUHH WRPRYH DQ\ZKHUH DQGDW
DQ\ WLPH WKHUHIRUH WKH QHWZRUN WRSRORJ\ FKDQJHV FRQWLQXRXVO\ $OVR LQ WKLV
W\SHRIQHWZRUNWKHEDQGZLGWK LV OLPLWHGDQGQRGHVUHO\RQEDWWHULHV 'XHWR
WKH FKDUDFWHULVWLFV RI PRELOH DG KRF QHWZRUNV GHVLJQLQJ D VFDODEOH DQG
HIILFLHQW URXWLQJ SURWRFRO LV D GLIILFXOW WDVN IRU UHVHDUFKHUV ,Q VXPPDU\ WKLV
VWXG\KDVWKHIROORZLQJPDLQFRQWULEXWLRQV 
· 'HYHORSLQJDQRYHOPXOWLFDVWURXWLQJSURWRFROIRUDGKRFQHWZRUNVLW
LV QDPHG WKH 1HWZRUN 6HQGHU 0XOWLFDVW 5RXWLQJ 3URWRFRO ,W LV D








· 6WDWLVWLFDO HYLGHQFH RI WKH UREXVWQHVV RI WKH SURSRVHG SURWRFRO LV
DOVRSURYLGHG
 6XPPDU\DQG'LVFXVVLRQRIWKH5HVXOWV
,Q RUGHU WR LQYHVWLJDWH WKH SURSRVHG SURWRFRO SHUIRUPDQFH GLIIHUHQW











IRUZDUGLQJ HIILFLHQF\ DQG WKH QXPEHU RI SDFNHW FROOLVLRQV LQFUHDVHV IRU





7KH PRELOLW\ VSHHG LV YDULHG LQ RUGHU WR LQYHVWLJDWH WKH SURWRFROV
SHUIRUPDQFH XQGHU GLIIHUHQW PRELOLW\ VSHHGV 7KH UHVXOWV VKRZ WKDW LQ
SDFNHW GHOLYHU\ UDWLR WHUPV WKH SURSRVHG URXWLQJ SURWRFRO RXWSHUIRUPV
2'053 E\  %\ LQFUHDVLQJ WKH PRELOLW\ VSHHG WKH SDFNHW FROOLVLRQ
LQFUHDVHV IRU WKH2'053 URXWLQJ SURWRFRO DQG UHPDLQV WKHVDPH IRU WKH
SURSRVHGURXWLQJSURWRFRO7KHSURSRVHGSURWRFRORXWSHUIRUPV2'053LQ







LQ RUGHU WR LQYHVWLJDWH WKHSURWRFRO¶V VFDODELOLW\ 7KH UHVXOWV VKRZ WKDW E\
LQFUHDVLQJWKHQXPEHURIVHQGHUVWKHSDFNHWGHOLYHU\UDWLRLQFUHDVHVIRUWKH
SURSRVHG SURWRFRO DQG GHFUHDVHV IRU WKH 2'053 URXWLQJ SURWRFRO 7KH
GDWDSDFNHWRYHUKHDGWKHURXWLQJRYHUKHDGWKHIRUZDUGLQJHIILFLHQF\DQG
WKHQXPEHURISDFNHWFROOLVLRQVLQFUHDVHVIRUWKH2'053URXWLQJSURWRFRO
DQGUHPDLQVDOPRVW WKHVDPHIRU WKHSURSRVHGURXWLQJSURWRFRO7KXV WKH










LQFUHDVHV ZLWK OHVV SDXVH WLPH WKH SURSRVHG URXWLQJ SURWRFRO VKRZV D
JRRGSHUIRUPDQFHDQGWKHFRQWURORYHUKHDGGHFUHDVHVZKHQWKHQXPEHU
RI JURXSV LQFUHDVHV 7KH SURSRVHG URXWLQJ SURWRFRO¶V SHUIRUPDQFH LV
HQKDQFHG ZKHQ LQFUHDVLQJ WKH QXPEHU RI JURXSV DQG WKH SURSDJDWLRQ
UDQJH DQG ZKHQ GHFUHDVLQJ WKH SDXVH WLPH 7KHUHIRUH WKH SURSRVHG
URXWLQJSURWRFROLVDUHOLDEOHURXWLQJSURWRFRO
 $SSOLFDWLRQVRIDGKRFQHWZRUNV
$Q$G+RF1HWZRUN LV DZLUHOHVVPRELOH QHWZRUNZKLFKFRQVLVWVRI D
JURXSRIWZRRUPRUHZLUHOHVVKRVWVWKDWFRPPXQLFDWHDVDWHDP7KLVW\SHRI
QHWZRUNKDVQR IL[HG LQIUDVWUXFWXUHVXSSRUW WKHUHIRUHHDFKZLUHOHVVQRGHFDQ






WKH FRPPXQLFDWLRQ LQIUDVWUXFWXUH ZLOO EH GHVWUR\HG DQG WKHUHIRUH LW LV
YHU\ LPSRUWDQW WR UHHVWDEOLVK FRPPXQLFDWLRQ DV TXLFNO\ DV SRVVLEOH
8VLQJ DG KRF QHWZRUNV LQ WKHVH VLWXDWLRQV FDQ KHOS VDYH OLYHV DQG
PRQH\ 
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&KULVWHQVHQ / DQG +DQVHQ * 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596 ,QVWLWXWH RI &RPSXWHU
6FLHQFH DQG $SSOLHG 0DWKHPDWLFV ,$0 8QLYHUVLW\ RI %HUQH 6ZLW]HUODQG
)HEUXDU ZZZLDPXQLEHFKaUYVUHVHDUFKSXEOLFDWLRQVSURMHNWBWKRPDV
BVWDXESGI
9LVZDQDWK . DQG 2EUDF]ND .  $Q $GDSWLYH $SSURDFK WR *URXS
&RPPXQLFDWLRQV LQ 0XOWL+RS $G +RF 1HWZRUNV LQ 3URF RI ,QWHUQDWLRQDO
&RQIHUHQFHRQ1HWZRUNLQJ
9LVZDQDWK.2EUDF]ND.DQG7VXGLN*([SORULQJ0HVKDQG7UHH
%DVHG 0XOWLFDVW 5RXWLQJ 3URWRFROV IRU 0$1(7V  7UDQVDFWLRQ RI 0RELOH
&RPSXWLQJ70&













	DUQXPEHU 	FRXQW 	LQGH[ 
 .KDOLG$)DUKDQ2QWKH6FDODELOLW\DQG5HOLDELOLW\RI1HWZRUN6HQGHU
0XOWLFDVW 5RXWLQJ 3URWRFRO7KH )RXUWK $GYDQFHG ,QWHUQDWLRQDO
&RQIHUHQFH RQ 7HOHFRPPXQLFDWLRQV ,((( $,&7  $WKHQV
*UHHFH
KWWSZZZ,((([SORUH,(((RUJ[SOIUHHDEVBDOOMVS"LVQXPEHU 













































7KHVWDWV WDEOH OLQNHGOLVWVWUXFWXUHVKRZQ LQ)LJXUH% LVXVHGWRVWRUH WKH
WRWDOQXPEHURIMRLQTXHU\W[HGWKHWRWDOQXPEHURIMRLQUHSO\SDFNHWVVHQWWKH
WRWDOQXPEHURI$FNQRZOHGJPHQWVVHQWWKHWRWDOQXPEHURIGDWDSDFNHWVVHQW
E\ WKH VRXUFH WKH WRWDOQXPEHU RI GDWD SDFNHWV UHFHLYHG E\ WKH GHVWLQDWLRQ





















7KH ILQDOL]LQJ IXQFWLRQZLOO EH FDOOHG WR FROOHFW WKH ILQDO VLPXODWLRQ UHVXOWV DV
VKRZQLQ)LJXUH%
)LJXUH%&DOOLQJWKHQHWZRUNOD\HUIRUWKHILQDOL]LQJ

